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Atrophic rhinitis and pneumonia are 2 common diseases of 
growing pigs. Infectious atrophic rhinitis, characterized by 
inflammation and atrophy of the nasal turbinates, was first 
recognized as an important disease entity in I830. Only re­
cently has progress been made in elucidating its etiology. It 
now appears that atrophic rhinitis is caused by more than 1 
organism. 
There have been no extensive studies of the histopathol-
ogy of rhinitis experimentally Induced by any of these agents. 
Therefore, little is known about the mechanism or mechanisms 
by which etiologic agents elicit pathologic changes in the 
structures of the nasal cavity. The pathogenesis of pneumonia 
in pigs caused by some bacterial and viral agents has been 
partially established. 
Bordetella bronchlseptlca has been shown to be a common 
inhabitant of the nasal cavity of growing pigs. The organism 
has been found less frequently in the lungs of pigs. Recent 
studies have shown B, bronchlseptlca to be a cause of rhinitis 
and turbinate atrophy and primary pneumonia in pigs. 
It was the purpose of this research to study the experi­
mental disease produced in pigs with pure cultures of B. 
bronchlseptlca in order to understand the pathogenesis of bor-
detellosis in swine. It is believed that knowledge derived 
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from this investigative study will further elaborate the 
mechanism of turbinate atrophy in swine. 
3 
REVIEW OP THE LITERATURE 
Etiology of Atrophic Rhinitis 
Since the first published report of infectious atrophic 
rhinitis by Franque (I830), research on this disease has cen­
tered around attempts toward elucidation of the etiology. 
Excellent reviews by Switzer (1955* 1964) and Gwatkin 
(1958) adequately cover the historical development of infec­
tious atrophic rhinitis as a disease. Early work with the 
experimental disease utilizing nasal washings, curretted tur­
binate material, and bacteria-free filtrates is contained in 
the above reviews. In this review only the experimental pro­
duction of turbinate atrophy with specific agents will be 
discussed. 
Rhinitis indistinguishable from the usual experimental 
disease was produced in baby pigs by nasal instillation of 
Pasteurella multocida isolated from a field case of rhinitis 
(Gwatkin et al., 1953). Rhinitis was also experimentally 
produced in young rabbits with nasal instillation of the same 
organism, Gwatkin and Dzenis (1953) later produced rhinitis 
in baby pigs with a suspension of multocida which had been 
subcultured for 7 months. A culture from a case of Pasteur­
ella pneumonia likewise produced the disease, 
Schofield and Robertson (1953) produced atrophy in 3 of 4 
pigs with mixed cultures of Pseudomonas aeruginosa and P. 
multocida, Gwatkin et al. (195^) showed that Selas No. 02 
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filtrates of turbinates from infected pigs did not produce 
atrophy. They also demonstrated again that P. multocida 
would cause atrophy in pigs. Flatla and Braend (1953) and 
Braend and Platla (1954) were not able to produce atrophy in 
pigs with Hemophilus suis. Pasteurella multocida in combina­
tion with H. suis or multocida alone would produce atrophy. 
Switzer (195b, 1959) states that P^. multocida, Alcali-
genes sp. (later determined to be Bordetella bronchlseptica), 
a Selas No. 015 filter passing agent, and prolonged mild 
chemical irritation with acetic acid would produce turbinate 
atrophy. This introduced the concept that atrophic rhinitis 
was not a specific disease entity resulting from a specific 
etiological agent, but that any one of several agents may 
cause turbinate atrophy. He was unable to produce atrophy 
with H. suis. 
Gwatkin (1959) suggested that atrophic rhinitis should 
possibly be regarded as a complex rather than a single specif­
ic disease since turbinate atrophy could be produced by a num­
ber of agents. He emphasized the fact that postnatal condi­
tions such as deficient diet, parasitism, pneumonias, and poor 
housing have an important bearing on the severity and course 
of the disease. Prenatal factors may also be involved in the 
susceptibility of pigs at birth. Krlstjansson and Gwatkin 
(1955) found that light birth weight pigs were more suscep­
tible to natural infection than heavier birth weight litter-
mates. 
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Cross and Claflln (1962) isolated B, bronchlseptica from 
the ethmoid turbinates of pigs from 9 out of 10 epizootics of 
porcine rhinitis in Indiana. They produced turbinate atrophy 
in 8 of 9 pigs with turbinate material from 1 of the above 
outbreaks, Bordetella bronchiseptica was isolated from the 
turbinates of these experimental pigs. Bacteria-free fil­
trates of the same material failed to reproduce the disease. 
Turbinate atrophy was also produced in 4 of 6 pigs using pure 
cultures of B. bronchiseptica. The organism was Isolated from 
all of these pigs. Goodwin and Whittlestone (19^3) produced 
rhinitis and pneumonia in young pigs with pure cultures of 
B. bronchiseptica. 
Done (1955) described an acute rhinitis in pigs charac­
terized by large, granular, basophilic, intranuclear inclusion 
bodies in cytomegalic glandular epithelial cells. The in­
flammatory reaction was characterized by massive lymphoid 
infiltration in the lamina propria, with the epithelium assum­
ing a stratified squamous appearance. Some interference with 
growth and ossification commonly occurred in the osseous core 
but the conspicuous decalcification and replacement fibrosis, 
typical of atrophic rhinitis, was not observed. He later 
demonstrated typical inclusion bodies in naturally occurring 
and experimentally produced atrophic rhinitis. Atrophic 
rhinitis was also produced in pigs with nasal washings or with 
macerated turbinates from cases of inclusion body rhinitis 
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(IBR). He mentions that although IBR and atrophic rhinitis 
are possibly 2 distinct entities which may exist simultaneous­
ly, it is more likely that IBR is a specific infectious con­
dition to which atrophy of the turbinates is a nonspecific 
sequelae. 
Harding (1958) observed inclusion bodies in the nasal 
turbinates of pigs from herds with atrophic rhinitis. He 
suggested that the agent of IBR may be identical with the 
filterable agent of Swltzer (1956). 
Rac (1961) further described the hlstopathology of inclu­
sion body rhinitis. He observed that the glands with inclu­
sion bodies disintegrated and were replaced by cell debris 
and Inflammatory cells. Hyperplasia of the glands often oc­
curred with dilation to the point of cavitation in some in­
stances. The surface epithelium hypertrophied and became 
stratified squamous. A marked increase in density of the 
lamina propria was caused by fibroblastic proliferation, par­
ticularly in the vascular area. As the course of the disease 
progressed some interference with bone growth and ossification 
and even replacement fibrosis occurred, 
Mitchell and Corner (1958) found no evidence of atrophic 
rhinitis in animals which had recovered from IBR. Corner et 
al. (1964) in a study of generalized cytomegalic inclusion 
disease in pigs saw no evidence of atrophy of the turbinates. 
Gwatkin £t al. (1959) stated that IBR was not essential for 
the development of atrophic rhinitis. 
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Pathology of Atrophic Rhinitis 
The earliest gross changes in infectious atrophic rhini­
tis, as described by Schofield (1948) and Schofleld and Jones 
(1950), were numerous small foci of congestion in the mucosa 
of the nasal turbinates. The turbinates became less rigid and 
uy 2-4 weeks the organic salts had often been completely re­
moved leaving only a small strip of mucosa. A mucopurulent 
exudate was sometimes present, especially on the inner curva­
tures of the ventral and ethmoid turbinates. 
The earliest histological change noted by these workers 
was scattered foci of degenerating and desquamating epithelial 
cells. Later the epithelial damage was more severe with large 
denuded areas, but even in the final stages of the disease the 
epithelium retained a columnar or cuboidal form. The lamina 
propria was often diffusely packed with lymphocytes. Neutro­
phils were rarely present in large numbers although they fre­
quently located in the ducts of glands suggesting that the in­
fection entered there. Rarely were inflammatory cells found 
in the medullary portion of the osseous core. In the latter 
stage of the disease there was an increase in tubuloalveolar 
glands, many being distended with mucus and forming micro-
cysts. The fibrous tissue elements of the stroma gradually 
proliferated surrounding the arterioles and veins causing 
an increased density of the area. Thickening of the arterial 
walls with a subsequent decrease in the diameter of the lumen 
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was noted only in the advanced stages after the osseous core 
had been resorbed. 
In early cases, clusters of undifferentiated cells having 
the appearance of young fibroblasts were seen lying between 
the periosteum and the bony trabeculae of the osseous core. 
Later these cells were present in large numbers filling the 
space left by the disappearing bone. Osteoclasts were not 
seen in most cases. They interpreted this proliferation as an 
unsuccessful attempt to reconstruct the destroyed bone. The 
resorption of the bony skeleton was described as the most out­
standing characteristic of the disease. 
Schofield and Robertson (1953) believed that the earliest 
detectable damage in the bony tissue was necrosis of the re­
cently formed delicate bone of the turbinates. They found no 
evidence of vascular damage which interfered with the nutri­
tion of the necrotic area. Inflammatory reaction was absent 
in the vicinity of the necrotic tissue. They believed that 
this bone lesion resulted from some highly toxic agent which 
originated from an infection of the overlying mucous membrane. 
Shuman et al. (1953) described the most striking changes 
of atrophy of the turbinates as consisting of replacement fi­
brosis, extreme dilation and congestion of the blood vessels, 
extensive necrosis of the mucosa, and mobilization of large 
numbers of neutrophils and macrophages. 
Histopathologic alterations similar to those observed by 
Schofield and Jones (1950) were also reported by Switzer 
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(1954). He observed that the inferior scroll of the ventral 
turbinate was usually the site of the initial and most severe 
atrophy. 
Switzer (1956) noted that atrophic rhinitis produced with 
bacteria or acetic acid was characterized by considerable exu­
date indicating marked surface irritation but with little 
visible effect on the osteoblasts. He suggested that the re­
duced size of the turbinate was due to its failure to grow at 
a normal rate. The filter-passing agent(s) produced marked 
lymphoid infiltration with resorption of bone and replacement 
with fibrous-like tissue. 
The monograph by Bjôrklund (1958) contains the most com­
plete histopathologic description of the naturally-occurring 
disease. He examined turbinates of pigs from infected herds 
at 3 days to several months of age and studied the development 
of the lesions. The histologic lesions, like the gross le­
sions, varied according to the age at onset of atrophic 
rhinitis. Pigs exposed at a young age developed the most 
severe clinical manifestations and lesions. 
The earliest change in the mucosa was a hyperplasia of 
the respiratory epithelium. There were focal increases in 
numbers of cell layers with a concomitant disappearance of 
goblet cells. In more chronic cases the epithelium was often 
transformed into a stratified nonciliated type. The glandular 
tissue was hyperplastic at first but in severe chronic cases 
some glands persisted as cystic cavities. The inflammatory 
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cellular elements consisted of lymphocytes, histiocytes, occa­
sional plasma cells, and in some cases, large numbers of eo­
sinophils, Neutrophils were chiefly confined to intra-epi-
thelial abscesses or excretory ducts. Fibrosis occurred in 
the deeper layers of the lamina propria. Thickening of the 
media and proliferation of the intima of arterioles were seen 
in chronic cases. In the osseous tissue of the turbinate, 
osteoclasts were sparse. The periosteum was rich in immature 
cells and seemed to be the site of initial resorption. In 
severe cases osteoblasts assumed a fibroblast-like appearance, 
with the immature trabeculae undergoing dissolution and 
eventually being replaced by fibrous tissue. 
Bjtirklund (1958) also observed reduced and disturbed 
formation of bone in parts of the skeletal system other than 
the nasal turbinate. He observed hyperplastic and metaplastic 
processes in epithelial tissues other than the nasal mucosa. 
He believed that the condition of turbinate atrophy was not 
primarily caused by a rhinitis but was secondary to a general 
metabolic upset or an exhaustion of metabolic processes al­
ready overstrained by the rapidly growing animal. 
Brion and Fontaine (1958) found lesions in the semilunar 
and sphenopalatine ganglion and the maxillary and nasal nerves 
in natural cases of atrophic rhinitis. Labie et al. (1962) 
also observed degenerative and inflammatory lesions in the 
semilunar ganglion and associated nerve fibers. 
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Bordetella bronchlseptlca Infection In Swine 
Spray (1922) isolated Bacillus alcaligenes from 1 of 100 
normal swine lungs and 1 of 314 pneumonic lungs. Bordetella 
bronchiseptica was isolated from a herd of pigs showing symp­
toms of swine Influenza by Dorset et al. (1922), although 
they were unable to produce symptoms of influenza with pure 
ultures of the organism, McBryde £t al. (1928) recovered B. 
bronchiseptica from 2 of 20 herds with swine influenza. They 
also isolated the organism from 1 of 12 cases of experimental 
swine influenza. Thorpe and Tanner (1940) isolated Alcali­
genes sp. from 11 of 119 pneumonic swine lungs. They stated 
that the organism was probably a contaminant. 
Dougherty (19^1) suggested that B. bronchiseptica was a 
primary invader in bull nose in swine. He isolated the or­
ganism from 2 cases in 2 different herds and suggested that 
canine mixed bacterin may be of value in treatment. Phillips 
(1942) isolated the organism from the lungs of pigs from I6 
piggeries. Seventy-five per cent of the isolates were in pure 
culture and 25 per cent in combination with Pasteurella 
suiseptlca. The organism was also demonstrated in approxi­
mately 50 per cent of the cases of swine pneumonia presented 
for diagnosis over an approximate 3 months period. Alcali­
genes bronchiseptica was Isolated from 8 piggeries by Phillips 
(1943). In each case the organism was isolated from thick, 
viscid bronchial exudate obtained from consolidated lobes of 
the lung. Pure cultures of the organism injected 
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intraperltoneally into guinea pigs caused death within 24-48 
hours. He suggested that this organism be added to those 
capable of causing chronic pneumonia and coughing In the pig. 
Phillips (1944) postulated that A. bronchlseptica and 
P. sulseptica, either as separate entities or in combination, 
were responsible for nearly all cases of primary porcine pneu­
monias in Ontario. Over a 6 month period he isolated A. 
bronchiseptica from 17 of 36 cases, P. sulseptica from 13 
cases, and a combination of the 2 organisms in 6 cases, Al-
caligenes bronchlseptica produced a lobar pneumonia with con­
solidation of the anterior lobes. The organism occasionally 
became systemic and could be isolated from a fibrinous exudate 
on the liver. Affected herds had a history of chronic cough­
ing, intermittent losses, and gradual emaciation. He stated 
that A, bronchlseptica caused a chronic condition while £. 
sulseptica infection was more acute and spread rapidly, 
Phillips (1946) regarded A, bronchlseptica as an important 
secondary invader in infectious atrophic rhinitis. 
Genest (1944) isolated A. bronchlseptica from porcine 
pneumonia and suggested that this organism be considered as a 
primary cause of swine pneumonia, Morcos £t al. (1947) found 
Alcallgenes fecalls in 5 per cent of 100 pneumonic swine 
lungs, but they considered the organism a contaminant. Borde-
tella bronchlseptica was recovered from the lungs of small 
pigs suffering from a respiratory condition by Ray (1950). 
The most striking lesion was the presence of an 
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eggshell-colored edema of the lung. Ryu (195^) isolated 
Aicaiigenes sp. from 25 of 108 pneumonic swine lungs, 
Ray (1959) stated that B. bronchiseptica was a common 
cause of a chronic degenerative type of edema of the lungs. 
He observed that pigs may develop a characteristic "whooping 
cough" and suggested the term porcine whooping cough. 
Joubert et al. (i960) regularly recovered B. bronchiseptica 
from pneumonic lesions of pigs from a herd of 300 animals 
which had had 90 deaths from pneumonia over a 2 year period. 
These workers could not reproduce the disease in experimental 
pigs of a different origin, but intratracheal inoculation of 
2 pigs from the infected herd resulted in pneumonia and death. 
Beer (196O) isolated B. bronchiseptica from the lung of a pig 
with influenza, 
L'Ecuyer et al, (1961a) reported an outbreak of pneu­
monia in a herd of approximately 100 swine with nearly 100 
per cent morbidity, Bordetella bronchiseptica was isolated 
from the lungs of 4 animals selected for examination. Pure 
cultures isolated from this outbreak were passed once in 7-
day-old chicken embryos by chorioallantoic inoculation and 
inoculated intratracheally and intranasally in experimental 
pigs. Examination at 11 days postinoculation revealed simi­
lar gross and microscopic lesions as observed in the natu­
rally occurring outbreak. Bluish-tan consolidated areas 
were present in the apical, cardiac, and intermediate lobes 
of the lung in the early stage. Microscopic lesions at this 
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stage were marked hyperemia of the bronchial mucosa and peri­
bronchial vessels, and alveolar exudations with edema, 
fibrin, neutrophils and lymphocytes. After about 2 weeks 
the affected part of the lung was greyish-yellow in color with 
purple foci scattered throughout. Microscopically, degenera­
tive changes were present in the bronchiolar epithelium with 
scant bronchial exudate and some lymphoid infiltration of the 
lamina propria and peribronchial tissues. The alveolar exu­
date consisted of neutrophils and septal cells. Marked inter­
stitial fibrosis and epithelialization of the alveoli were 
present. Some medial hyalinization of small arterioles 
occurred, 
Dunne et al. (I961) reported an outbreak of B, bronchi-
septica pneumonia in pigs where mortality approached 100 per 
cent in some litters. The primary lesion was scattered foci 
of bronchopneumonia predominant in the apical and cardiac 
lobes. On histopathologic examination marked congestion with 
severe perivascular, interstitial, and intraalveolar hemor­
rhage was found. In some areas a more acute inflammation with 
infiltration of neutrophils was present, but in others there 
was an excess of fibroblastic elements and macrophages indi­
cating a lesion of longer duration. Pronounced interlobular 
edema was a characteristic finding. 
L'Ecuyer £t al. (1961b) surveying market weight pigs in 
Iowa isolated B, bronchlseptica from 1 of 86 pneumonic pig 
lungs and 2 of 15 grossly normal lungs, Roberts et al. (1962) 
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described an acute bronchopneumonia in two 4-week-old pigs 
which yielded only B. bronchiseptica on culture. The cellu­
lar reaction was primarily neutrophils with some lymphocytes, 
septal cells and considerable edema and fibrin. L'Ecuyer 
(1963) discussed the pathology and importance of B. bronchi­
septica as a cause of primary porcine pneumonia. 
Goodwin and Whittlestone (1962, 1963, 1964) described a 
respiratory disease of pigs in Britain in which both rhinitis 
and pneumonia were prominent features. This disease was 
called type XI pneumonia and was believed to be different 
from enzootic pneumonia (virus pneumonia). Bordetella 
bronchiseptica was regularly isolated from both the natural 
and subsequent passages of the disease. Goodwin and Whittle­
stone (1962) studied the field disease and found the charac­
teristic lesion to be a marked peribronchial fibrosis. In 
some areas the alveolar walls were thickened principally with 
fibroblasts and often the interstitial tissue contained 
dense fibrous tissue. In these areas the adventitia and me­
dia of the arterioles were markedly thickened. The alveoli 
in adjoining areas contained large numbers of erythrocytes 
mixed with fibrin. Mononuclear cell accumulations and 
lympho-reticular hyperplasia were scarce. Broth cultures of 
B. bronchiseptica produced a similar pneumonia and also 
rhinitis in young pigs (Goodwin and Whittlestone, 1963). 
Goodwin and Whittlestone (I962, 1963) found in some nat­
ural cases of type XI pneumonia and in some experimentally 
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infected pigs the presence of intranuclear inclusion bodies, 
characteristic of inclusion body rhinitis, in the glands of 
the nasal mucosa. The role of IBR in the rhinitis and pneu­
monia of this disease was not clear. 
Switzer (1956), Cross and Claflin (19Ô2), and Ross et al. 
(1963a) isolated B. bronchiseptica from field cases of rhini­
tis and produced turbinate atrophy in experimental pigs with 
cultures of the organism, Switzer (1963) demonstrated that 
a herd with B. bronchiseptica rhinitis showed marked clinical 
improvement after treatment with sulfamethazine. The organism 
was successfully cleared from the nasal cavity of pigs exper­
imentally infected with B. bronchiseptica by the same sulfa­
methazine treatment. 
Ross et al. (1963b) sampled the nasal cavity of four 8 to 
10 week-old-pigs from each of 87 herds. They isolated B. 
bronchiseptica from $4 per cent of the herds, H. suis from 48 
per cent. Mycoplasma granularum from 6l per cent and beta 
hemolytic Streptococcus sp. from 4 per cent. 
Ross (1963), in another survey, sampled the nasal cavity 
of pigs submitted for various conditions to the Iowa State 
Veterinary Diagnostic Laboratory. In cases from 87 herds he 
found 38 per cent B. bronchiseptica, 23 per cent H. suis, 
and 9 per cent £. multocida. Gross turbinate atrophy was 
present in 24 per cent of the herds with B. bronchiseptica, 
25 per cent of the herds with H. suis, and 38 per cent of the 
herds with P. multocida. From nasal swabs submitted from 
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suspect rhinitis herds, he recovered ^  bronchlseptlca from 
56 per cent and H. suis from lb per cent, but failed to re­
cover P. multoclda. 
Bordetella bronchlseptlca Infection In Other Animals 
Bordetella bronchlseptlca has been Isolated from the 
respiratory tract of dogs showing symptoms of calne distemper 
by many workers (Ferry, 191O, 19II, 1912a, 1912b; M'Gowan, 
1911, 1912; Torrey and Rahe, 1912), These workers believed 
that the bacterium was the cause of distemper In dogs. It re­
mained for Laldlaw and Dunkln (1920) to show that the disease 
was caused by a virus and to put B, bronchlseptlca In Its 
proper place as a common secondary cause of pneumonia In this 
disease, Mosler (1955) recovered the organism from the 
throats of dogs with "kennel cough", 
M'Gowan (1911) Isolated B, bronchlseptlca from the lungs 
and trachea of rabbits with and without pneumonia. Perry 
(1912b, 1913-14) and Ferry and Hosklns (1919) concluded that 
B, bronchlseptlca was one of the causes of snuffles In rab­
bits, Ferry (1912a) Isolated the organism from each of 12 
rabbits, some of which had evidence of rhinitis at necropsy. 
McCartney and Olltsky (1923) recovered the bacterium from 
cases of snuffles In rabbits. Subsequently, they concluded 
that a paranasal sinusitis was necessary for the development 
of the rhinitis. Smith and Webster (I925) Infected 25 rab­
bits Intranasally with cultures of B, bronchlseptlca and 
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produced lung abscesses in 1 and otitis in 4 rabbits. The 
remaining rabbits had no clinical signs of snuffles but re­
mained carriers of the organism. Experiments by Winsser 
(i960) supported the results of these findings. Griffin 
(1955) listed B. bronchiseptica as a cause of pneumonia in 
rabbits. He also stated that the rabbit could harbor the 
organism in the carrier state. Ostler (196I) mentioned B. 
bronchiseptica as a cause of pneumonia in broiler rabbits. 
Rosenow (1931) also isolated the organism from a pneumonic 
rabbit lung. Ross^ recovered the organism from a case of 
severe turbinate atrophy in a rabbit used for the production 
of B. bronchiseptica hyperimmune antiserum. 
M'Gowan (1911) recovered B. bronchiseptica from the lungs 
of a goat with pneumonia, the nose of an animal caretaker with 
chronic nasal catarrh, and the trachea of a monkey which died 
of sympathetic ophthalmia. Perry (1912a, 1912b) Isolated the 
organism from the trachea of several monkeys. No lesions of 
rhinitis were present, but in some there was evidence of tra­
cheal infection. Winsser (i960) inoculated a monkey intra-
nasally with cultures of the bacteria. One month later at 
postmortem there were no gross lesions but the organism was 
recovered from the trachea. 
Ferry (1913-14) isolated B. bronchiseptica from an animal 
^R, P, Ross, Assistant Professor, Iowa Veterinary Diagnos­
tic Laboratory, Iowa State University of Science and Technolo­
gy, Ames, Iowa. Isolation of Bordetella bronchiseptica from a 
case of atrophic rhinitis in a rabbit. Private communication. 
1964. 
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caretaker suffering from "grippe". Brown (1926) recovered the 
organism from the throat of a 5-year-old girl with mild 
whooping cough. The girl developed the cough 12 days after 
acquiring a pet rabbit. Bordetella bronchiseptica was iso­
lated from the rabbit. Lautrop and Lacey (i960) stated that 
B. bronchiseptica was responsible for approximately 0.1 per 
cent of the cases of pertussis in man. 
A pneumonia of guinea pigs caused by B. bronchiseptica 
was described by Smith (1913). The organism was also iso­
lated from pneumonic lungs of guinea pigs by Griffin (1955). 
Ferry (1912a, 1912b), M'Gowan (19II), and Wlnsser (1960) 
showed that guinea pigs were carriers of B. bronchiseptica in 
the respiratory tract. Wlnsser (i960) produced pneumonia In 
this species with intranasally Inoculated cultures, M'Gowan 
(1911) killed guinea pigs with cultures Injected Intraperi-
toneally. Keegan (1920) Isolated B. bronchiseptica from the 
lungs of 6 of 25 mice and 12 of 15 guinea pigs from an animal 
colony undergoing an epidemic of pneumonia. 
Griffin (1955) reported a pneumonia in the laboratory 
mouse caused by B, bronchiseptica. Wlnsser (196O) killed 
mice with intranasal and intraperitoneal injections of the 
organism. He also produced pneumonia and otitis media in 
rats with cultures given intranasally. Rosen et al. (1954) 
reported a pneumonia In rats due to B. bronchiseptica. Innes 
et al. (1956) mentioned the same organism as one of the or­
ganisms Isolated from cases of chronic murine pneumonia. 
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A bronchopneumonia in ferrets was observed by Spooner 
(1938) from which B. bronchiseptica was isolated, Winsser 
(i960) produced a rhinitis and pneumonia in 1 of 2 ferrets by 
intranasal inoculation of the organism. M'Gowan (1911) iso­
lated the organism from the trachea and nose of ferrets. 
Winsser (196O) produced pneumonia and death in gerbils 
with intranasal inoculations of cultures. He also found 
hamsters to be resistant to the organism. Winsser (i960) 
stated that poultry and pigeons seem to be resistant to 
natural and experimental infections. 
Ciliated Epithelial Cell 
Engstrom (1951) studied the structural organization of 
isolated mammalian tracheal cilia and noted that the shaft 
resembled the flagellum of spermatozoa. He observed a thin 
cuticular plate above the basal body and at its lower end, 
minute rootlets extending into the epithelial cell. Engstrom 
and Wersall (1952) observed the morphological similarity of 
the vibratile cilia of several protozoa and mammals and their 
difference from bacterial flagella. Bloom and Engstrom (1953) 
described 1-2 ^  long finger-like processes between mammalian 
cilia which were without basal bodies and the normal internal 
structure of cilia. They suggested that these structures 
might function in resorption or ciliary regeneration. 
Fawcett and Porter (195^) examined the ciliary apparatus 
of molluscan, amphibian, and mammalian cells. In the mouse 
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oviduct the ciliated cells had filiform projections inter­
spersed among the cilia. The internal structure of the cilia 
was similar to that occurring in other genera (9 double and 
2 single filaments in each cilium). The peripheral filaments 
were continuous into the basal body but no basal plate was 
present as was seen in amphibian and molluscan cilia. The 
central filaments stopped just above the level of the cell 
surface and did not enter the asymmetrically curved basal 
body. 
They found that the fine structure of the cilia of the 
human fallopian tube was not significantly different from 
that of the cilia of the mouse oviduct. Ciliary rootlets 
were not found but the cytoplasm surrounding the basal body 
had a fibrous character, 
Harford £t al. (1955) observed ciliary structure in the 
bronchial epithelium of mice similar to that found by Fawcett 
and Porter (1954). They suggested that the amount of endo­
plasmic reticulum present in the cell was a valuable means 
of differentiating between nonciliated and ciliated cells. 
In ciliated cells endoplasmic reticulum was rare or absent. 
Dalhamn (1956) studying cilia of the rat trachea con­
firmed the findings of Fawcett and Porter (1954) concerning 
fallopian tube cilia. He suggested that there was fusion of 
tne peripheral filaments at the extreme tip of the cilium. A 
kidney-shaped body was detected in the basal body. 
Rhodin and Dalhamn (1956) examined the tracheal ciliated 
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epithelium of the rat. They described 4 types of epithelial 
cells which could be distinguished by the projections from 
their free surface. These were ciliated cells, goblet cells, 
brush cells, and basal cells. Filiform projections and cilia 
projected from the ciliated cell. The filiform projections 
had a length of 0,8-1.0 jj and a width of 0,1-0,15 y and oc­
curred at the rate of approximately 5 projections per 
The cilia had a length of 5 // and a mean width of 0,24 fi 
and tapered toward the end. They were evenly distributed 
over the cell surface with a distance of about 0.3-0,4 f/ from 
center to center and numbered approximately 8,4 per , 
In cross section the cilium contained 2 central fila­
ments surrounded by 9 double peripheral filaments. These au­
thors believed that the central filaments ended first and the 
peripheral filaments fused at the tip. The peripheral fila­
ments were continuous into the basal bodies where they were 
transformed into triple filaments. The basal body was 0,5 ^  
in length with a width of 0.25 //. Small curved rootlets ex­
tended from the proximal end of the basal body into the cyto­
plasm of the cell. There was a central kidney-shaped density 
in the center of the basal body and an opacity on its lateral 
surface. The mitochondria were scattered throughout the cell 
but there was a marked accumulation just below the basal 
bodies of the cilia. The Golgi zone was located above the 
nucleus and the cell surface. The nucleus was situated in the 
basal two thirds of the cell and was oval in longitudinal 
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section. 
Brettschneider (1958) demonstrated the 4 cell types ob­
served by Rhodin and Dalhamn (1956) in the nasal epithelium 
of the rat and observed similar structure of the ciliated 
cells. The sheath of the basal body, made up of the peri­
pheral filaments of the cilium, appeared darker than other 
parts of the cilium. A homogeneous granule was located in 
the basal body, 
Leeson (I96I) studied the developing rabbit trachea and 
suggested that the cilia developed from the fibrillar mater­
ial of centrioles. These filaments were thought to extend 
peripherally into the core of a previously formed microvillus 
which contributed the cell membrane covering the cilium. 
Centrioles and long microcilli were seen in 24-day-old em­
bryos with cilia becoming prominent at 27 days. 
The human tracheal ciliated epithelial cell was similar 
to that of the rat (Rhodin, 19^3). Lateral fibrillar knobs 
were present on the basal bodies of the cilia. 
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MATERIALS AND METHODS 
Fluorescent Antibody Procedures 
Production of hyperimmune serum 
Several Kolle flasks of tryptose agar were inoculated 
with 0.5 ml. of a 48 hour tryptose broth culture of B. bron-
chiseptlca and incubated at 37 C. for 46 hours. The growth 
was removed with 0.5 per cent formalin and incubated at 37 C .  
for l6 hours. The cells were washed 3 times with sterile 
physiological saline and a sample streaked across blood agar 
to check for sterility. They were suspended in sterile 
physiological saline and the suspension divided into 2 parts. 
One part was adjusted to 45 per cent light transmission at a 
wave length of 500 m with a Coleman Junior Spectrophotome­
ter, Model 8a.^ 
This suspension was used for the immunization of rab­
bits. The other part was adjusted to 6o per cent light 
transmission at 500 m and used as the antigen for serum 
agglutination tests. Pairs of mature white rabbits having no 
detectable agglutinins for B. bronchiseptica were injected in­
travenously with antigen, A dosage of 0.5 ml. of antigen 
suspension was given on days 1 and 3, 1.0 ml. on days 5, 7, 
and 9J and 2.0 ml. on days 11 and 13. The rabbits were bled 
10 days after the final injection. At this time the prelimi­
nary agglutination titer was 1:2560 as determined by the tube 
^Coleman Instruments, Inc., Maywood, Illinois. 
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agglutination test. A mixture of 0.5 ml. of each serum dilu­
tion and 0.5 ml, of antigen was incubated in a water bath at 
37 C. for 3 hours and refrigerated at 4 C. overnight before 
reading. The serum was stored at -20 C. 
Fractionation 
The anion exchange column, cellulose N, N-diethylamino 
ethyl ether (DEAE)} was used for fractionation of the anti­
serum. The column was prepared by a slight modification of 
the procedure of Levy and Sober (i960). The DEAE was acti­
vated by washing 3 times with 0.5 N sodium hydroxide and then 
washed to neutrality (pH 7.0-7.5) with distilled water, de­
canting and discarding the supernatant fluid containing fine, 
slowly precipitating cellulose. The slurry was adjusted to 
pH 6.3 with 0.4 M phosphate buffer at pH 6,3 and poured into 
a glass column 3 cm. in diameter to a height of 15 cm. After 
degassing, 500 ml. of 0.015 M phosphate buffer at pH 6.3 was 
passed through the column and a filter paper disc placed on 
top of the DEAE. 
Ten ml. of the antiserum was dialysed through Sephadex 
G-25? The Sephadex column was prepared by washing the powder 
in distilled water followed by O.OI5 M phosphate buffer at 
pH 6.3 decanting to remove any slowly settling particles. 
The slurry was added to a glass column 3 cm. in diameter to a 
^Eastman Organic Chemicals, Rochester 3, New York. 
^Pharmacia, Uppsala, Sweden. 
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height of 15 cm. Two ml. fractions were collected from the 
column and those containing protein as determined by amido 
black staining were pooled. 
The dialysed antiserum was added to the DSAE column and 
eluted with 0,015 M phosphate buffer at pH 6.3. Two ml. 
fractions of the eluate were collected and each fraction 
tested for protein using amido black for staining. The frac­
tions which contained protein were pooled and the agglutina­
tion titer determined. 
Conjugation 
Conjugation of fluorescein to antibody globulin was done 
according to the method of Marshall et al. (1958). Carbonate-
bicarbonate buffer (0.5 M at pH 9.^5) was added to the gamma 
globulin solution having a B. bronchiseptica agglutination ti­
ter of 1:640 to equal 10 per cent by volume. This brought the 
mixture to pH 9.0, Sodium chloride was added to the mixture 
to equal O.85 per cent. Fluorescein isothiocyanate^ was added 
to the above reaction mixture at a ratio of 2.5 mg. per 10 ml. 
of gamma globulin solution and agitated for 18 hours at 4 C. 
The labeled conjugate was centrifuged at 3000 r.p.m. at 4 C, 
to remove any precipitate. The conjugate was added to a 
Sephadex G-25 column prepared with 0,01 M phosphate buffer at 
pH 7.2 and eluted with the same buffer (Killander et al., 
1961). The rapidly passing labeled globulin was collected 
^Microbiological Associates, Bethesda, Maryland. 
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while the unbound dye remained in the column. The conjugate 
was frozen in 5 ml. aliquots at -20 C, 
The final conjugate was diluted 1:2, 1:4, 1:6, 1:8, 1:10, 
and 1:20 with physiological saline and tested against heat 
fixed smears of the homologous organism to determine the 
highest dilution showing vivid fluorescence. After this dilu­
tion was determined (1:10) and the conjugate thus diluted, 
rhodamine bovine albumin^ was added at a ratio of 1:20 
(Chadwick et al., 1958). The mixture was stored at -20 C. in 
1 ml. aliquots. 
A sample of the final conjugate was absorbed with the 
original antigen used for the production of the hyperimmune 
serum to determine if the specific fluorescence could be re­
moved. To test its specificity, the conjugate was also ap­
plied to 15 different strains of heterologous organisms in­
cluding those commonly found in the swine nasal cavity. Both 
of the procedures indicated that the conjugate was highly 
specific for B, bronchiseptica. 
A control conjugate was prepared in the above manner from 
rabbit antiserum containing no demonstrable agglutinins for 
B. bronchiseptica. 
Preparation for staining 
Bacterial smears Smears were made from 24 hour 5 per 
cent bovine blood agar colonies by inoculation of a drop of 
^Microbiological Associates, Bethesda, Maryland. 
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saline which was spread on a microscope slide. The smears 
were air dried and fixed by gentle heating over a flame. 
Tissue sections Most of the tissues used for fluores­
cent examination were frozen using the freon attachment of a 
Harris International Cryostat, Model CT^ After freezing, tne 
tissues were wrapped in aluminum foil and stored at -20 C, 
Sections were cut at a thickness of o yu on tne above cryostat. 
After thawing on glass microscope slides, tne sections were 
air dried and fixed in acetone at room temperature for 10 
minutes. Sections were used immediately or stored at 4 C. 
for up to 2 weeks. 
Some tissues were prepared by tne paraffin embedding 
tecnnlque for Immunofluorescence described by Sainte-Marie 
(1962). Tiiln tissue sections were fixed in precooied per 
cent ethanol at 4 C. for 24 nours. Tne tissues were dehy­
drated in 4 cnanges of precooied absolute etiianoi at 4 C. and 
cleared witu 3 cnanges of precooied xylene at 4 C. Sectioning 
was done by routine nietuods making certain tnat water batns 
and drying plates did not exceed 37 C. Deparaffinization was 
accomplished through 2 changes of cold xylene, 3 changes of 
cold 95 per cent ethanol, and 3 changes of cold 0.01 M phos­
phate buffered saline at pH 7.2. 
^International Equipment Company, Boston, Massachusetts. 
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staining procedure 
Two to three drops of conjugate were applied to the sec­
tion or smear and covered with a glass coversllp. The slides 
were Incubated In moist chambers for 30 minutes at 37 C. and 
then washed in at least 3 changes of 0.01 M phosphate buf­
fered saline at pH 7.2 for a minimum of 10 minutes. Excess 
buffer was removed and coversllps mounted on the sections 
with phosphate buffered glycerine (3 parts glycerine to 1 
part buffer) at pH 7.5. 
Microscope 
A Leitz Ortholux microscope^ with an Osram HBO 200 mer­
cury light source with a BG 38 heat absorbing filter and UG 
1 UV filter was used. 




Sodium acetate (anhydrous) 




2.5 per cent glutaraldehyde solution 
25 per cent glutaraldehyde 1.0 ml 
Acetate-Veronal buffer 2.0 ml 
Distilled water 6.0 ml 
^E. Leitz, Inc., New York, New York. 
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Adjust to pH 7.5 with 0.1 N HCl. 
Make to 10 ml. with distilled water. 
1 per cent osmium tetroxide solution 
2 per cent osmium tetroxide 10,0 ml. 
Acetate-Veronal buffer 4.0 ml. 
Adjust to pH 7.5 with 0.1 N HCl. 
Make to 20 ml. with distilled water. 
3:2 n-butyl:ethyl methacrylate monomer solution 
N-butyl methacrylate 3 parts 
Ethyl methacrylate 2 parts 
Add benzoyl peroxide to make 1 per cent 
by weight/volume. 
Filter through anhydrous powdered sodium 
sulfate. 
Acetate-Veronal buffer mixture 
Acetate-Veronal buffer plus 3.4 Gm. 
NaCl per 100 ml, buffer 5.0 ml. 
0.1 N HCl 7.0 ml, 
1.0 M CaCl 0.25 ml. 
Distilled water 13.0 ml. 
Fixation, dehydration, and embedding 
Tissues A strip of mucosa was removed from the bony 
core of the ventral turbinate and immediately immersed in a 
2,5 per cent glutaraldehyde solution at pH 7.5 (Sabitini et 
al,, 1963). The tissue strip was cut into 1 mm. cubes and 
fixed for 1 hour. The cubes were transferred to a 1 per cent 
osmium tetroxide solution at pH 7.5 (Palade, 1952) and fixed 
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for 1 hour. The material was dehydrated In the following 
graded ethanol solutions: 2 changes of 50 per cent ethanol 
for 5 minutes each, 1 change of 75 per cent ethanol for 15 
minutes, and 2 changes of absolute ethanol for 10 minutes 
each. Often the tissues were left overnight at 4 C. in 75 
per cent ethanol. The dehydrated tissues were Infiltrated 
with 2 changes of 3:2 n-butyl;methyl methacrylate monomer 
solution for 20 minutes each. In some cases the tissues were 
left in one of the methacrylate changes overnight at 4 C. 
Tissues were placed in number 0 gelatin capsules, covered 
with the above methacrylate monomer solution, and polymerized 
overnight at 60 C. 
Bacteria A 48 hour 5 per cent bovine blood agar cul­
ture of B. bronchlseptlca was removed with 2.5 per cent glu-
taraldehyde solution at pH 7.5 and fixed for 30 minutes. The 
bacteria were sedimented by centrlfugatlon at 3000 r.p.m. and 
fixed overnight with 1 per cent osmium tetroxide in acetate-
Veronal buffer mixture (Schreil, 1964). The fixed organisms 
were washed in acetate-Veronal buffer mixture for 30 minutes 
and stained for 90 minutes with acetate-Veronal buffer mix­
ture saturated with uranyl acetate. The bacteria were dehy­
drated with 2 changes of 70 per cent ethanol and 6 changes of 
absolute ethanol for 30 minutes each. Embedding procedures 
were the same as for tissue sections. 
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Sectioning 
The capsules were trimmed to a suitable size and a thin 
section examined by phase microscopy to determine the desired 
area for sectioning. Often the tissue cubes had to be re­
moved and rotated l80 degrees to provide a sagittal section 
of the epithelium. The rotated tissue was fixed to the cap­
sule with an epoxy glue. Sections were cut with an LKB 
ultramicrotome^ using glass knives. Sections showing silver 
or grey interference colors after flattening with chloroform 
vapors were placed on 200 mesh copper grids coated with a 
thin layer of 1 per cent parlodion in amyl acetate. 
Staining 
Sections were stained with either 1 per cent potassium 
permanganate (Lawn, 196O) or 1 per cent uranyl acetate 
(Watson, 1958) for 1 hour. Stained sections were overlaid 
with a thin film of methacrylate to prevent sublimation (Roth, 
1961). 
Electron microscopes 
An RCA EMU 3F^ operated at 50 or 100 kv with 200 y/ 
condenser aperture and 30jj objective aperture or an Hitachi 
HU11A3 operated at 50 or 75 kv with 300^ condenser aperture 
^L.K.B, Produkter A. B., Stockholm, Sweden. 
^Radlo Corporation of America, Camden, New Jersey. 
^Hitachi, Ltd., Tokyo, Japan. 
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and 50 objective aperture were used for examination of 
sections, 
Necropsy Procedures 
All animals were killed by electrocution and a complete 
necropsy conducted immediately. The thoracic cavity was 
opened and a small portion of the lung aseptically removed for 
bacteriologic examination. The head was divided along the 
median sagittal plane to expose the nasal cavity. The nasal 
septum was removed and the turbinates observed for evidence 
of exudate, circulatory changes, and atrophy. Samples of 
nasal and trachea secretions were collected for bacteriologic 
examination. 
Histologic Procedures 
All turbinate tissues were fixed for 48 hours in Zenker's 
fixative plus 3 per cent acetic acid and washed in running 
tap water overnight. Decalcification was unnecessary. The 
ventral turbinate was further divided into anterior and 
posterior portions and the tissues stored in 10 per cent buf­
fered formalin. All other tissues collected were fixed in 10 
per cent buffered formalin for at least 72 hours. Bone was 
decalcified using the formic acid-sodium citrate method under 
a vacuum for 2 hours then washed in running tap water for 24 
hours. All tissues were dehydrated in graded ethanol solu­
tions, cleared in chloroform, and embedded in paraffin. 
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Sections were cut at 6y/ and mounted on glass slides with an 
albumin fixative. All sections were stained with Harris's 
hematoxylin and eosin Y. Selected sections were stained with 
Gomori's one step trichrome stain, Verhoeff's elastic stain, 
periodic acid-Schiff reaction, and MacCallum-Goodpasture's 
bacterial stain. The above histologic procedures were car­
ried out as described in the Manual of Histologic and Special 
Staining Technics (i960). 
Cultural Procedures 
Cultural procedures were similar to those used by Ross 
et al. (1963b). Samples for isolation of B. bronchiseptica 
were streaked across MacConkey's medium^ plus 1 per cent dex­
trose. Typical colonies were further identified by demon­
strating absence of sugar fermentation, hydrolysis of urea 
within 24 hours, alkalization of litmus milk within 2-3 days, 
and utilization of citrate. Samples were also cultured on 5 
per cent bovine blood agar with a Micrococcus sp. known to 
support growth of Hemophilus suis streaked across the surface. 
Suspected pathogenic species were identified by characteristic 
morphological and biochemical properties. Nasal and tracheal 
samples were collected with sterile cotton swabs. When 
sampling the lung, a small portion was ground in tryptose 
broth using sterile alundum. A sample was Immediately cul­
tured by the above methods and the remainder Incubated for 24 
^Difco Laboratories, Inc., Detroit 1, Michigan. 
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hours at 37 C. and cultured in a like manner. 
Experimental Animals 
All pigs used in these experiments were obtained from a 
closed herd at the Iowa State Veterinary Medical Research 
Institute, Ames, Iowa. This herd was stocked with pigs de­
rived from Cesarean section. It was maintained in isolation 
and for 11 years has been shown repeatedly to be free of B. 
bronchlseptica and other known respiratory pathogens. Clini­
cal, bacteriologic, histologic, and postmortem examinations of 
several hundred pigs each year has shown no evidence of re­
spiratory disease. All feed v/as specially prepared to contain 
a balanced ration and be free of antibiotics, arsenicals, and 
other drug additives. In some trials pigs that had received 
colostrum milk were weaned at 1 day of age and box-reared. 
These pigs were fed SPF-lac^ 3 times a day. 
Bordetella bronchlseptica Isolates 
The isolates designated below were recovered from the 
following locations: 
S-1 - nasal cavity of a pig with clinical rhinitis, 
S-2 - nasal cavity of a pig 5 days after experimental in­
tranasal infection with S-1 strain of B. bronchl­
septica, 
S-3 - nasal cavity of a pig with distortion of the snout 
^The Borden Company, New York, New York, 
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and other signs of chronic rhinitis, 
S-4 - nasal cavity of a pig with clinical rhinitis as 
evidenced by sneezing. 
S-5 - nasal cavity of a pig with a catarrhal rhinitis. 
Ct-1 - trachea of a domestic cat. 
Rb-1 - nasal cavity of a rabbit with severe atrophy of 
the nasal turbinates. 
Rt-1 - trachea of a wild rat. 
D-1 - nasal cavity of a dog with a catarrhal rhinitis 
and other gross and microscopic lesions of canine 
distemper. 
Second-passage cultures of all of the above isolates were 
stored in the lyophillzed state except S-1 isolate which was 
maintained as a 6th-passage culture on agar slants. Before 
inoculation into pigs the lyophillzed cultures were sus­
pended in tryptose broth and 0.1 ml. of the suspension in­
jected into the yolk sac of 6 to 8-day-old chicken embryos. 
Cultures stored on agar slants were transferred into tryptose 
broth for 48 hours at 37 C. and injected into the yolk sac of 
chicken embryos. Infected yolk fluids collected after the 
death of the embryos were used as inoculum. This inoculum 




Infected yolk fluids (0.5 ml.) were inoculated approxi­
mately 1 inch posterior to the anterior nares using polyethy­
lene tubing attached to a needle and syringe. 
Intratracheal inoculation 
A loopful of infected yolk fluid was inoculated into 
tryptose broth. One ml. of a 48 hour tryptose broth culture 
was injected intratracheally with a syringe and 22 gauge nee­
dle. The injection was made during inspiration. 
Experimental Procedure 
Trial 
Thirty pigs were farrowed in isolation units by sows neg­
ative to culture of the nasal cavity for B. bronchlseptica 
and other respiratory pathogens. All pigs were inoculated 
intranasally at 3 days of age with 0.5 ml. of S-1 isolate of 
B. bronchiseptlca. Ten uninoculated pigs served as controls. 
All pigs received 1 ml. of an iron-dextran solution at 1 week 
of age. The pigs were weaned at 3 weeks of age and isolated 
from the sows. Three pigs were killed at 1, 2, and 3 weeks, 
10 pigs at 5 weeks, and 11 pigs at 5 months postinoculation. 
Two control pigs were killed at each of these periods. Sam­
ples for bacteriologic examination were taken from the nasal 
cavity, trachea, and lungs. A portion of the mucosa from the 
ventral turbinate was frozen for fluorescent antibody studies. 
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The dorsal, ventral, and ethmoid turbinates; nasal septum; 
anterior and posterior trachea; nasal bone and portions of the 
apical, cardiac, diaphragmatic and intermediate lobes of the 
lungs were fixed for histopathologic studies. 
Trial 2 
Eighteen 4-week-old weaned pigs were placed in isolation 
and inoculated intranasally with 0.5 ml. of S-1 isolate of B. 
bronchiseptica. Twelve additional pigs served as uninoculated 
controls. Three infected and 2 control pigs were killed at 
each of the following intervals postinoculation: 1, 2, 3, 4, 
6, and 8 weeks. A complete necropsy was performed on all 
pigs. The bacteriologic and histologic samplings made at ne­
cropsy were the same as for Trial 1. 
Trial 3 
Twenty-four pigs weaned at 1 day of age were isolated 
into 6 groups of 4 pigs each. Each group was inoculated in­
tranasally at 3 days of age with one of the following iso­
lates of B. bronchiseptica: S-2, S-3, S-4, S-5, D-1, Rb-1, 
Ct-1, and Rt-1. All pigs were killed at 4 weeks postlnocula-
tion. Tissues from the ventral turbinates and lungs were 
fixed for histopathologic examination. This trial was a 
study of strain pathogenicity conducted by Dr. R. F. Ross, 
Iowa Veterinary Diagnostic Laboratory, College of Veterinary 
Medicine, Iowa State University, Ames, Iowa, who graciously 
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furnished the above tissues for histopathologic evaluation. 
Trial 4 
Fifteen pigs were separated into groups of 3 pigs each. 
These pigs were weaned at 1 day of age and raised in isola­
tion. They were inoculated intratracheally at 5 days of age 
with 1.0 ml. of tryptose broth culture of 8-1 isolate of B. 
bronchiseptica and 1 group was killed at each of the following 
sampling periods: 2, 4, 6, 8, and 12 days postinoculation. 
Five pigs were inoculated by the same route with 1.0 ml. of 
sterile tryptose broth and 1 pig killed at each of the 
sampling periods. The lungs, nasal cavity, trachea, liver, 
spleen, and kidney were cultured. Portions of the kidney, 
spleen, and apical, cardiac, diaphragmatic, and intermediate 
lobes of the lung were fixed for histopathologic examination. 
Trial ^  
Eleven pigs were weaned at 1 day of age and raised in 
isolation. Eight pigs were inoculated intranasally with S-1 
isolate of B. bronchiseptica and 3 control pigs were inocu­
lated with sterile yolk fluids at 3 days of age. Two pigs 
were killed at 1 week, 4 pigs at 2 weeks, and 2 pigs at 4 
weeks postinoculation. One control pig was killed at each of 
the above periods. A strip of mucosa from the ventral turbi­
nate was immediately fixed for electron microscopy studies. 
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Portions of the semilunar ganglion, brain stem, olfactory 





Three-day-old pigs were inoculated intranasally with pure 
cultures of S-1 isolate of B. bronchiseptica. A minimum 
amount of sneezing occurred in the infected pigs from 1 to 3 
weeks postinoculation being most intense at approximately 2 
weeks postinoculation. Necropsy and cultural findings are 
summarized in Table 1. 
Normal anatomy 
A brief description of the normal anatomy of the nasal 
turbinates is included in order to enhance the understanding 
of the pathological changes of the disease process. 
Gross The nasal cavity is divided by a cartilaginous 
septum covered on both sides by mucous membrane. There are 3 
turbinate bones on each side (Figure l). The ventral turbi­
nate is attached laterally to the nasal bone and extends from 
the anterior naris posterior to the ethmoid turbinate. In 
cross section it appears as 2 scrolls coiling in opposite 
directions from a common stalk (Figure 2). The dorsal scroll 
makes one and one-fourth turns and the ventral scroll one 
turn. The greatest dorso-ventral diameter in the young pig 
is at the level of the second upper premolar tooth. The 
medial surface is flat with the scrolls facing laterally. 
The mucosa is very vascular having a reddish appearance. The 
dorsal turbinate is attached to the dorso-lateral wall of the 
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Table 1. Turbinate atrophy produced by intranasal inoculation 
of 3-day-old pigs with Bordetella bronchiseptica^ 
Degree of Isolation of 
Time post- Pig turbinate B. bronchiseptica Pneu-
inoculation no. atrophy Turbinates Trachea Lungs monia 
1 week 5 slight + + + N 
bilateral 
13 none + + - N 
27 none + + + N 
2 weeks 7 moderate + + N 
bilateral 
14 moderate + + - N 
bilateral 
28 moderate + + + N 
bilateral 
3 weeks 3 moderate + + N 
bilateral 
15 moderate + + - N 
bilateral 
29 moderate + + + P 
bilateral 
5 weeks 1 severe + + _ N 
bilateral 
2 slight + + - N 
4 
bilateral 
severe + + - N 
bilateral 
6 severe + + + N 
16 
bilateral 
severe + + - N 
bilateral 
17 severe + + - N 
bilateral 




+ B, bronchiseptica isolated 
- B. bronchiseptica" not isolated 
^The degree of gross atrophy of the ventral turbinates. 
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Table 1 (Continued) 
Decree of Isolation of 
Time post- Pig turbinate bronchiseptica Pneu-
inoculatlon no, atrophy Turbinates Trachea Lungs monla 
18 slight + + N 
bilateral 
23 severe + + N 
bilateral 
24 none + + N 
30 severe + + + P 
bilateral 
8 none N 
(distorted) 
9 none - - N 
10 none + - N 
(distorted) 
11 none + - N 
(distorted) 
12 none - - N 
(distorted) 
19 none - - N 
(distorted) 
20 none - - N 
(distorted) 
21 none — — N 
(distorted) 
22 none - - N 
25 none - - N 
26 none — — N 
Figure 1. Longitudinal view of the nasal cavity of a 5-week-
old nonlnfected control pig. The normal red ap­
pearance of the ventral turbinate is evident. 
Figure 2. Cross section of the ventral turbinates from a 5-
week-old nonlnfected control pig. Note the normal 
colling. Gomorl's trlchrome stain. X 6. 
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nasal cavity and extends medially until its ventral edge is 
just medial to the dorsal edge of the ventral turbinate. It 
is wedge-shaped on cross section and extends the length of the 
nasal cavity with its greatest diameter at the posterior part 
of the ventral turbinate. The ethmoid turbinate extends from 
the ethmoid bone in the posterior part of the nasal cavity. 
It has an anterior process which extends anteriorly to the 
posterior part of the ventral turbinate. 
Microscopic The ventral turbinate is covered by a 
pseudostratified ciliated columnar epithelium with goblet cells 
(Figure 3). The lamina propria contains loose connective tis­
sue with some collagenous fibers. Glands of the tubuloalveolar 
type are located principally on the medial side and at the tips 
of the scrolls and are more numerous in the anterior portions. 
The glands are mucous and serous secretory types and open to 
the surface epithelium by ducts. Large cavernous blood spaces, 
arterioles, veins, and lymphatics are located in the lamina 
propria (Figure 4), The glands and cavernous sinuses are less 
numerous on the lateral side (inner surface of the scrolls). 
In the center of the turbinate there is a continuous bony 
core with branching trabeculae (Figures 4, 5, and 6). In young 
pigs the anterior fourth of this core is cartilaginous. The 
bony core Is thinnest at the beginning of the coiling of the 
scrolls and thickest at the tips (Figures 2 and 6). It ac­
counts for one half or more of the total width of the 
Figure 3. Pseudostratifled ciliated columnar epithelium of the 
ventral turbinate of a nonlnfected control pig. The 
lamina propria contains loose connective tissue, 
glands, and blood vessels. Hematoxylin and eosln 
stain. X 410. 
Figure 4. Mucosa and osseous core of a nonlnfected control 
pig. Respiratory epithelium covers the lamina 
propria with its glands and blood vessels. The 
cellular periosteum (P) and bony trabeculae are 
evident. Hematoxylin and eosln stain. X 175. 

Figure 5» Section of the entire thickness of the ventral tur­
binate of a nonlnfected control pig. The wider me­
dial mucosa (M) contains more blood vessels and 
glands than the lateral (L). Observe normal bony 
core. Hematoxylin and eosin stain. X 100, 
Figure 6. Tip of the scroll of the ventral turbinate of a non-
infected control pig. The bony core with its cellu­
lar periosteum and bony trabeculae is of normal 
thickness. Large venous sinuses are observed. 
Hematoxylin and eosin stain. X 65. 
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turbinate. The periosteum is very cellular and osteoblastic 
activity is particularly pronounced around the bony trabeculae 
of the scrolls. Osteoclasts are seen in very small numbers. 
The mucous membrane of the dorsal turbinate and nasal 
septum is similar to that of the ventral turbinate. The nasal 
septum has a central core of hyaline cartilage while the dor­
sal turbinate has an osseous core. Some areas of the ethmoid 
turbinate are covered by a mucous membrane similar to that 
described for the ventral turbinate except cavernous blood 
sinuses are absent. The remainder of the ethmoid turbinate is 
covered by olfactory epithelium. The lamina propria contains 
mucous and serous glands and many nerve fibers. There is a 
bony or cartilaginous core which is traversed by nerve fibers. 
The trachea has a similar pseudostratified ciliated 
columnar epithelium but there are fewer glands in the lamina 
propria and the cavernous blood sinuses are absent. Colla­
genous fibers are more abundant than in tne turbinates. An 
Incomplete ring of hyaline cartilage surrounds the trachea. 
Lesions at 1 week postinoculation 
Gross Tnere appeared to be a decreased blood supply 
to the turbinate mucosa. A small amount of mucopurulent exu­
date covered the turbinates (Figure 7). A slight reduction in 
the dorso-ventral diameter of the ventral turbinate was evi­
dent in 1 of the 4 pigs. 
Figure 7. Longitudinal view of the nasal cavity at 1 week 
postinoculation. Mucopurulent exudate is present 
over the ventral turbinate. 
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Microscopic Trie cnanges in tne epitnelliom were most 
prominent on the medial surface and at tne tips of tne scrolls 
of the ventral turbinate. Hyperplasia resulted in a thicker 
epithelium with more nuclear layers. In some areas this cel­
lular hyperplasia caused the epithelium to become undulated or 
villus-like in appearance (Figure 8), The tips of these undu­
lations in many Instances were made up of large, polyhedral 
epithelial cells which had no cilia. Normal cilia were pres­
ent in the crypts. Inflammatory cells, principally neutro­
phils and some mononuclear cells, infiltrated the epithelium. 
Occasionally pockets of neutrophils appearing as microab­
scesses occurred in the surface epithelium (Figure 9)• Neu­
trophils also accumulated on the epithelial surface at this 
stage. In areas along the medial surface of the turbinate, 
the epithelium was transformed to a more stratified type. 
Some surface cells were devoid of cilia. Goblet cell activity 
was Increased at the tips of the scrolls with mucus in the sur­
face exudate. 
Bacteria colonized among the cilia. Fluorescent antibody 
staining of these bacteria was specific for B. bronchlseptica 
and demonstrated that bacterial invasion did not occur in the 
deeper tissues (Figures 10 and 11). Mild infiltrations of 
neutrophils, mononuclear cells, and some eosinophils were evi­
dent in the lamina propria. 
Fibroblastic proliferation with a marked increase in 
Figure 8. Undulation of the epithelium of the ventral turbi­
nate with large polyhedral epithelial cells at the 
tips at 1 week postinoculation. Fibroplasia is 
evident beneath the epithelium. Hematoxylin and 
eosin stain. X 415. 
Figure 9. A microabscess of neutrophils in the turbinate epi­
thelium at 1 week postinoculation. Observe initial 
fibroplasia around blood vessels in the lamina 
propria. Hematoxylin and eosin stain. X 415. 
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Figure 10. Specific fluorescence at the surface of the turbi­
nate epithelium at 1 week postinoculation Fluores­
cein isothiocyanate labeled anti-B. bronchiseptica 
rabbit serum, X 2400. 
Figure 11. Another example of specific fluorescence of B. 
bronchiseptica on the epithelial surface at 1 
week postinoculation. Fluorescein Isothiocyanate 
labeled anti-B. bronchiseptica rabbit serum. 




collagenous fibers occurred in the lamina propria at the tips 
of the scrolls and to a lesser extent along the medial side of 
the turbinate. In these locations the lumens of the venules 
and capillaries were markedly compressed by the connective 
tissue (Figure 8). The large venous sinuses were likewise 
collapsed. Many of the tubuloalveolar glands in the area were 
disrupted by the connective tissue. The bony core was reduced 
in diameter with the periosteum being more cellular at the 
tips and the beginning of the coiling of the scrolls. 
The mucosa of the dorsal turbinate and nasal septum had 
lesions similar to those in the ventral turbinate. Although 
purulent exudate was abundant in the recesses of the ethmoid 
turbinate, inflammatory changes were minimal in the mucosa. 
Inflammatory and degenerative changes were not present in the 
olfactory nerves. 
The trachea had a normal histologic appearance although 
colonies of B. bronchiseptica could be demonstrated on the 
surface by fluorescent antibody staining. 
Lesions at 2 weeks postinoculâtion 
Gross The reddish appearance of the turbinate mucosa 
was even less apparent at this time. Reduction in the dorso-
ventral diameter of the ventral turbinates was more obvious 
and early atrophy of the dorsal turbinates was evident (Figure 
12), There was a decrease in the extension of the anterior 
process of the ethmoid turbinate. The mucopurulent exudate 
Figure 12. Nasal cavity of a pig at 2 weeks postinoculation 
with moderate turbinate atrophy. Note the color 
of the ventral turbinate and the distance between 




was most abundant at this period. One of 4 pigs had pneumonia 
of the dependent lobes of the lung. 
Microscopic The epithelial undulations were accen­
tuated with the tips of many of these undulations having fused 
to form ciliated epithelium-lined cysts beneath the epithelial 
surface (Figures 13 and 14). Inflammatory cell Infiltration 
of the epithelium and goblet cell activity with raucous cysts 
were more intense than in the previous period (Figure 15). 
The epithelium along the medial surface was thicker and ap­
peared more stratified with the surface cells often devoid of 
cilia (Figure lo). In some locations occasional cilia ap­
peared swollen (Figure 17). Collagen formation was more 
marked, particularly at the tips of the scrolls where it re­
sulted in a collapse of blood vessels and atrophy of the 
glands (Figure 18). 
The bony core was reduced in diameter with a decrease in 
the number of osseous trabeculae (Figure 19). Osteoblastic 
activity was pronounced around the osseous trabeculae of the 
bony core of the scrolls with an apparent increase in mesen­
chymal cells. In some cases the bony core of the tips of the 
scrolls was replaced by a fibroblastic connective tissue 
(Figure 20). 
The mucosa of the olfactory epithelium of the ethmoid 
turbinate appeared normal although purulent exudate was present 
in its recesses. Bacterial colonies identified as B. bronchi-
septica by fluorescent antibody staining were on the surface 
Figure 13. Tall hyperplastic turbinate epithelium at 2 weeks 
postinoculation. Pockets of cilia (arrows) and a 
microabscess are located within the epithelium. 
Fibroplasia is occurring in the lamina propria. 
Hematoxylin and eosin stain. X 390. 
Figure 14, Marked undulation of the turbinate epithelium at 
2 weeks postinoculation. One large cilia-lined 
cavity is present (arrow). Hematoxylin and eosin 
stain. X 250. 

Figure 15. Tall, hyperplastic turbinate epithelium with nu­
merous mucous cysts at 2 weeks postinoculation. 
Fibroplasia in the lamina propria is impinging on 
small blood vessels. Hematoxylin and eosin 
stain. X 415. 
Figure 16. Hyperplastic stratified turbinate epithelium de­
void of cilia at 2 weeks postinoculation. Note 
the marked subepithelial fibroplasia. Hematoxylin 
and eosin stain. X 415. 

Figure 17. Swollen tips of ciliary shafts (arrows) at 2 weeks 
postinoculation. Bacteria are noted among the 
cilia. Hematoxylin and eosln stain. X 1570. 
Figure l8. Marked fibrosis and collagen deposition in the 
lamina propria of the tip of a scroll at 2 weeks 
postinoculation causing atrophy and disruption of 
the glands. The covering epithelium is hyperplas­
tic, Hematoxylin and eosln stain. X 200, 
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Figure 19. Osteoblastic proliferation around small bony tra-
beculae at the tip of the turbinate scroll of a 
pig 2 weeks postinoculation. Mesenchymal cells 
are numerous between the periosteum and bony 
trabeculae. Hematoxylin and eosin stain. X l60. 
Figure 20. Replacement fibrosis in the bony core at the tip of 
a scroll at 2 weeks postinoculation. Fibroplasia 
and collagen formation has increased the density 
of the lamina propria. Compare with Figure o. 
Hematoxylin and eosin stain. X 140. 
o9 
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of the trachea and turbinates. In spite of this colonization 
only a minimal amount of mucus covered the epithelium in most 
areas. There was slight hyperplasia of the epithelium but no 
changes in the lamina propria of the trachea. A bronchopneu­
monia was evident in 1 pig. The gross and microscopic ap­
pearance of B. bronchiseptica pneumonia will be discussed with 
the results of Trial 4. 
Lesions at ^  weeks postinoculation 
Gross The nasal mucosa was light red (Figure 21). 
The anterior process of the ethmoid turbinate was completely 
absent in most pigs. The dorsô-ventral diameter of the ven­
tral turbinate was markedly reduced and the dorsal turbinate 
was concave along the middle portion of its ventral border. 
Microscopic The scattered swollen cilia seen at 2 
weeks postinoculation were less common at this interval. 
There was less surface exudate and fewer inflammatory cells. 
Fluorescing bacteria were still present on the surface of the 
turbinate and tracheal mucosa but in lesser numbers. The bony 
core was further reduced in size until it accounted for only 
one fourth of the total turbinate width (Figure 22). The 
branching trabeculae present in the normal osseous core were 
reduced to small, irregular, rectangular remnants of bone sur­
rounded by numerous osteoblasts (Figure 23). The medullary 
portion of the bone was greatly reduced in size and very cel­
lular. Fibrous replacement of the bone was occurring at the 
Figure 21. Moderate turbinate atrophy at 3 weeks postinocula-
tion. The dorsal turbinate is concave along its 
ventral border and the anterior process of the 
ethmoid turbinate is absent. Compare with Figure 
1.  
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Figure 22. Section of the entire width of a ventral turbinate 
at 3 weeks postinoculation. Note the reduction in 
the bony core and its replacement with fibrous 
tissue. Contrast the lateral (L) and medial (m) 
surfaces and compare with Figure 5. Hematoxylin 
and eosin stain, X loO. 
Figure 23, Osseous core of the ventral turbinate at 3 weeks 
postinoculation. Note cellularity of the core and 
reduction in bony trabeculae. Compare with Figure 
5. Hematoxylin and eosin stain. X IbO. 
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tips of the scrolls. The changes in the dorsal turbinate and 
nasal septum parallelled those of the ventral turbinate. No 
pathologic changes in the nerves of the ethmoid turbinate were 
noted. 
Lesions at 5 weeks postinoculâtion 
Gross The turbinate mucosa was faintly red. The ven­
tral turbinate was further reduced in its dorso-ventral di­
ameter being one third of the normal diameter in severe cases 
(Figures 24 and 25). The most marked atrophy was in the ven­
tral scrolls (Figure 26). The concavity of the dorsal turbi­
nate noted at 3 weeks postinoculation was more pronounced and 
in some Instances there was no protrusion of the turbinate 
from the lateral wall of the nasal cavity. The ethmoid tur­
binate was further reduced in size. No exudate was evident. 
Other tissues appeared normal except for pneumonia in 1 pig. 
Microscopic Collagen deposition was very marked in the 
lamina propria of the ventral turbinate. The most marked 
changes were in the osseous core which was markedly reduced in 
diameter and extent. The scrolls were coiled less and in some 
cases colling was absent (Figure 2o). In many cases the tips 
of the scrolls contained only a thin fibrous connective tissue 
core in the place of the bone (Figures 27, 28, and 29). Often 
the bony core leading into the scroll area had been replaced by 
fibrous tissue. 
The lesions observed in the dorsal turbinate, ethmoid 
Figure 24. Severe atrophy of the turbinates at 5 weeks postln­
oculation. Compare size and color of the turbi­
nates with that In Figure 1. 
Figure 25. Severe turbinate atrophy at 5 weeks postlnoculation. 
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Figure 2o, Atrophie ventral turbinates at 5 weeks postlnocu-
lation. Note the reduced colling which is par­
ticularly evident in the ventral scroll and the 
increased density of the lamina propria. Compare 
with Figure 2. Gomori's trichrome stain. X 19. 
Figure 27. An atrophic scroll of the ventral turbinate with 
replacement of the bony core with fibrous tissue at 
5 weeks postinoculation. The lamina propria is 
very wide and dense and the epithelium tall and 
hyperplastic. Compare with Figure 6. Hematoxylin 
and eosin stain. X 65. 

Figure 28. Atrophie tip of a turbinate scroll at 5 weeks post-
Inoculation with similar changes as Figure 27. 
Hematoxylin and eosin stain. X 65. 
Figure 29. Higher magnification of enclosed area in Figure 28. 
The bony core is markedly reduced in size and being 
replaced by a thin core of fibrous tissue. Hema­
toxylin and eosin stain. X loO. 
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turbinate, nasal septum, and trachea were similar to those of 
the previous sampling periods except that bone resorption was 
more pronounced in the dorsal and ethmoid turbinates. Fluo­
rescing bacteria were seen in small numbers. Except for a 
bronchopneumonia in 1 pig, all other tissues examined appeared 
normal. 
Lesions at 5 months postinoculâtion 
Gross The mucous membranes of the turbinates were 
similar in color to the control animals but the mucosa in some 
areas appeared granular. The ventral and dorsal turbinate of 
all animals had attained a normal dorso-ventral diameter. The 
ethmoid turbinate lacked the anterior process in most animals. 
The ventral turbinates in 7 of 11 pigs were abnormal in shape 
with deep, irregular longitudinal grooves present in the me­
dial sides (Figures 30 and 31). On cross section the scrolls 
were distorted in shape and many had extra processes (Figures 
32 and 33). 
Microscopic The epithelium had returned to a normal 
pseudostratified ciliated columnar type. The lamina propria 
had normal numbers of glands, cavernous sinuses, and blood 
vessels. The connective tissue was loosely arranged with no 
excess in collagen as was characteristic of earlier stages. 
Focal accumulations of mononuclear cells, chiefly his­
tiocytes and plasma cells, occurred in the lamina propria of 
approximately one half of the pigs (Figure 34). The 
Figure 30. Longitudinal view of the nasal cavity of a 5-month-
old noninfected control pig. 
Figure 31. Longitudinal view of the nasal cavity of a pig at 
5 months postinoculation. The dorsal and ventral 
turbinates are normal in size but a deep longitu­
dinal groove is present in the ventral turbinate. 
The anterior process of the ethmoid turbinate is 
absent. 

Figure 32. (left) Cross section of distorted ventral turbi­
nates at 5 months postinoculation. Note the 
irregular shape and extra processes (arrows). Com­
pare with Figure 2. Gomori's trichrome stain. 
X 5. 
Figure 33» (right) Distorted ventral turbinates with extra 
processes (arrow) at 5 months postinoculation. 




epithelium over these foci was very thin, devoid of cilia, 
and infiltrated with the mononuclear cells. Mitotic figures 
were seen in these accumulations. Similar accumulations were 
present in the control animals. 
The bony core was normal in extent and appearance except 
for interruptions along its length in some animals (Figure 35). 
Gaps of several microns were found in the bone of these ani­
mals with a thin fibrous tissue core connecting the bone seg­
ments. The extra processes observed grossly contained an 
extension of the bony core covered by normal mucosa (Figures 
32 and 33). The epithelium of the nasal septum was stratified 
and devoid of cilia in most areas. 
Summary 
Turbinate atrophy was clearly evident at 2 weeks post-
inoculation. In this trial 15 of 16 pigs sampled from 2 to 5 
weeks postinoculation had some degree of bilateral atrophy. 
The turbinate mucosa was faintly red. Surface exudate was 
most copious at 2 weeks postinoculation but scarce after this 
period. All pigs (ll) sampled at 5 months postinoculation 
had ventral turbinates which were normal in dorso-ventral 
diameter. The majority of the ventral turbinates were, how­
ever, distorted with longitudinal grooves on the medial 
surface. 
No gross lesions were present in the trachea and lungs 
except for pneumonia in 2 pigs. These pigs were 2 of 4 pigs 
Figure 34. An accumulation of mononuclear cells beneath a 
thin turbinate epithelium in a pig at 5 months 
postinoculation. Hematoxylin and eosin stain. 
X 400. 
Figure 35. The bony core of the ventral turbinate is inter­
rupted and only a thin fibrous strand (arrow) re­
mains in place of the bone at 5 months postinocu­




which were adopted by the sow which they nursed. 
The epithelium was increased in height at the tips of 
the scrolls and often stratified and devoid of cilia on the 
medial surface of the ventral turbinate. The epithelium in 
some areas underwent hyperplasia which caused undulations in 
its surface. Scattered cilia in some pigs were swollen. 
Fluorescing bacteria were observed among the cilia of the tur­
binates and trachea but they did not invade the lamina pro­
pria, They were most numerous at 1 week but were still pres­
ent in smaller numbers at 5 weeks postinoculation. Neutro­
phils, mononuclear cells, and some eosinophils infiltrated 
the lamina propria and epithelium. 
Fibroplasia and collagen formation began at the tips of 
the scrolls at 1 week and was extensive at the tips and on 
the medial surface by 3 weeks postinoculation. Proliferating 
connective tissue was impinging on glands and blood vessels. 
Increased numbers of osteoblasts were found around tne bony 
trabeculae of tne scrolls at 2 weeks postinoculation with re­
sorption of bone and replacement witn fibrous tissue at later 
periods. 
Microscopically, tne turbinates of the pigs in the 5 
month postinoculation group had a normal bony core except for 
interruptions in the osseous core with fibrous tissue and ex­
tra processes containing extensions of the bony core. Focal 
accumulations of mononuclear cells were present in Infected 
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and control animals. Even though the epithelium was normal in 
appearance, B. bronchiseptica was isolated from 2 of 11 ani­
mals sampled at this period. 
The changes in the dorsal turbinate, ethmoid turbinate, 
and nasal septum parallelled those of the ventral turbinate 
but were in general less severe. Tracheal lesions were mini­
mal. 
Trial 2 
Twenty-four pigs were inoculated intranasally with pure 
cultures of B. bronchiseptica at 4 weeks of age. Clinically 
the infected pigs exhibited only minimal sneezing at approxi­
mately 1-2 weeks postinoculation. Necropsy and bacteriologic 
findings are summarized in Table 2. 
The results of this trial will be compared with those in 
Trial 1. Gross and microscopic lesions were similar but in 
general less severe. Ten of 15 infected pigs killed from 2-8 
weeks postinoculation had slight to moderate turbinate atrophy 
(Figure 36) as compared to 15 of l6 pigs in Trial 1 which had 
moderate to severe atrophy. Gross distortions of the ventral 
turbinate were apparent at 6 and 8 weeks postinoculation (Fig­
ure 37) and were similar morphologically but not as marked as 
those observed at 5 months postinoculation in Trial 1. The 
turbinate atrophy was not as pronounced at these two intervals. 
Vascularity of the turbinate mucosa was decreased in early 
stages but more normal at the 8 week postinoculation sampling 
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Table 2. Incidence of turbinate atrophy in 4-week-old pigs 
inoculated intranasally with Bordetella bronchi-
septica^ 
Degree of Isolation of 
Time post- Pig turbinate B. bronchiseptica 
inoculation no, atrophy Turbinates Trachea Lungs 
1 week 573g none + + + 
5630 none + + -
544b none + + -
2 weeks 5600 none + + 
565b slight + + -
bilateral 
5700 none + + + 
3 weeks 5550 slight + + __ 
unilateral 
564b moderate + + + 
bilateral 
561b moderate + + -
unilateral 
4 weeks 550b none + + 
562b moderate + + -
bilateral 
5420 slight + + -
unilateral 
6 weeks 556b none + + 
5620 moderate + - + 
bilateral 
5520 slight - - -
unilateral 
(distorted) 
^The following symbols were used in connection with this 
table: 
+ B. bronchiseptica isolated 
- B, bronchiseptica not Isolated 
^The degree of gross atrophy of the ventral turbinates. 
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Table 2 (Continued) 
Degree of Isolation of 
Time post- Pig turbinate B. bronchiseptica 
inoculation no. atrophy Turbinates Trachea Lungs 







Figure 36. Moderate turbinate atrophy at 6 weeks 
postinoculation. 
Figure 37. Distortion of the ventral turbinate at 8 weeks 
postinoculation. Note the longitudinal grooves 
in the ventral turbinate. The dorsal, ventral, 
and ethmoid turbinates are normal in size. 
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period. Surface exudate was scanty. Pneumonia was not ob­
served in any of the pigs in this trial. 
Microscopic lesions in the pigs with gross atrophy were 
similar to those observed in Trial 1. Hyperplasia of epithe­
lium at the tips of the scrolls which resulted in undulations 
was an early change which was most prominent at 2 and 3 weeks 
postinoculation. At 3 weeks postinoculation the epithelium 
on the medial surface of the ventral turbinate had changed to 
a stratified type devoid of cilia. Epithelial microabscesses 
were more numerous and inflammatory cell infiltration of the 
lamina propria more marked in this trial. These epithelial 
changes were regressing by 8 weeks postinoculation. Specific 
fluorescence of bacteria was evident on the epithelial surface 
of the turbinates and trachea until 4 weeks postinoculation. 
The swollen cilia observed in Trial 1 were rare in this trial. 
Fibroplasia and collagen formation in the lamina propria 
began at the tips of the scrolls at 1 week postinoculation and 
were most pronounced in pigs with grossly atrophic turbinates. 
This connective tissue proliferation was most pronounced at 3 
and 4 weeks postinoculation and resulted in atrophy of glands 
and compression of thin walled blood vessels. Fibroblasts and 
collagen had markedly decreased by 8 weeks postinoculation and 
the cavernous blood spaces were again prominent. Focal accu­
mulations of mononuclear cells occurred in the lamina propria 
at this period. 
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Resorption of bone and replacement fibrosis in the bony 
core parallelled the development of gross atrophy. Large 
areas of bone were resorbed and replaced by thin strands of 
fibrous tissue at 3 weeks postinoculation. This resorption 
was most evident in the areas of coiling of the bony core 
rather than at the tips. The osseous core had become more 
normal by 8 weeks postinoculation except for some interruptions 
along its length where segments of bone were connected by a 
fibrous core. 
Trial 3 
Different Isolates of B. bronchiseptica were compared in 
ability to cause pathologic changes in the nasal turbinates. 
Although there were variations in the severity of the lesions 
caused by the different isolates, the characteristics of the 
lesions were the same and similar to those observed in Trials 
1 and 2. 
In general the Isolate used in Trials 1 and 2 (S-1 iso­
late) caused more severe turbinate atrophy with more marked 
lesions than the isolates tested in this trial. A comparison 
of the ability of the various isolates to cause turbinate 
atrophy and pneumonia and of the severity of the more charac­
teristic lesions in the ventral turbinate is summarized in 
Table 3. 
The swine isolates and the cat isolate produced the most 
marked atrophy and the most severe microscopic lesions. The 
Table 3, Comparison of the severity of the gross and microscopic lesions produced by 
intranasal inoculation of various isolates of Bordetella bronchiseptica^ 
Microscopic lesions in the ventral turbinate 
Gross Fibroplasia Fibrous 
turbinate Undulated Stratified scroll medial replacement Pneu­
Isolate Pig atrophy epithelium epithelium tips side of bone monia 
S-2^ A ++ +++ ++ •H4- 1 1 1 +++ P 
B •H- +++ 1 1 1 +++ ++ ++ P 
C ++ 44- +++ +++ -H- + P 
D 1 1 1 -hH- ++ +++ ++ -H- P 
8-3 A ++ -H- ++ ++ ++ +-H- P 
B ++ ++ + ++ + + P 
C ++ + + ++ + + P 
D + ++ ++ + + N N 
S-4 A ++ ++ +++ ++ ++ ++ N 
B ++ +++ ++ 1 1 1 ++ +++ N 
C N ++ ++ ++ + + N 
D ++ +++ ++ ++ ++ 4-H- N 






^The origin of these isolates is described under Materials and Methods on 
page 24. 
Table 3 (Continued) 
Gross 
Microscopic lesions In the ventral turbinate 
ii'ibropiasla riDrous 
turbinate Undulated Stratified scroll medial replacement Pneu­
Isolate Pig atrophy epithelium epitnellum tips side of bone monia 
8-5 A ++ +++ ++ -H- ++ +++ N 
B ++ ++ +•¥+ ++ ++ ++ N 
C ++ ++ ++ ++ ++ +++ N 
D + + +++ ++ ++ ++ N 
Ct-1 A ++ +++ ++ +++ 1 1 1 +++ P 
B ++ 1 1 1 ++ ++ ++ + P 
C ++ •H- ++ +++ ++ ++ N 
D + ++ -H- ++ + N N 
Rb-1 A N N + + N N N 
B + + + ++ + + P 
0 + + + ++ + N P 
D + + + N N N N 
Rt-1 A + ++ ++ -H- + + N 
B + + + + N N N 
C N + + + N N N 
D N + + + N N N 
D-1 A N + + N N N N 
B N N N N N N N 
C N + + + N N N 
D N N N N N N N 
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rabbit and rat isolates produced only slight atrophy while the 
dog isolate did not cause atrophy. 
In this trial pneumonia occurred in 11 of 32 pigs. Three 
swine isolates (S-2, S-3, 8-5) and the cat and rabbit isolates 
caused pneumonia in at least 1 of 4 pigs. In all pigs with 
pneumonia some degree of turbinate atrophy was present. 
Trial 4 
Five-day-old pigs were inoculated intratracheally with 
pure cultures of B, bronchiseptlca. Coughing was usually 
apparent by 2 or 3 days postinoculation and in severe cases 
persisted until the animal was killed. Bordete11a bronchi­
septlca was Isolated from the lungs, trachea, and nasal cavity 
of all Infected pigs but could not be cultured from the 
spleen, liver, or kidney. Histologic lesions were not ob­
served in the spleen and kidney but congestion of the liver 
was noted in some pigs. Gross lesions in the lung were most 
prominent in the dorsal parts. This may be because the pigs 
were restrained In dorsal recumbency during Inoculation. 
Lesions at 2 days postinoculation 
The affected lung parenchyma was very red and upon in­
cision had the consistency of a firm blood clot. There was 
marked hyperemia and areas of extensive alveolar hemorrhage 
involving, in some cases, entire lobules. In lobules where 
hemorrhage was less extensive, neutrophils were numerous, with 
lesser numbers of macrophages. Interalveolar edema with small 
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amounts of fibrin was present in other areas. In some foci of 
severe hemorrhage the alveoli and. blood vessels were necrotic 
(Figure 38). Edema resulted in widening of the interlobular 
septa of the affected lobules (Figure 39). The interlobular 
lymphatics were dilated and often contained neutrophils and 
occasional thrombi. The lumen of the bronchi and bronchioles 
contained numerous neutrophils, and some erythrocytes and 
mononuclear cells. The lamina propria was hyperemic and in­
filtrated with scattered neutrophils. Bacterial colonies 
were present on the surface among the cilia. The epithelial 
cells of the bronchioles had processes which protruded from 
the free surface into the lumen and occasionally became 
detached (Figure 40). Inflammatory and necrotic changes were 
recognized in the adventitia and media of some of the blood 
vessels (Figure 4l). Pyknosis and karyorrhexsis were evident 
in these areas. Hypertrophy and hyperplasia of the endo­
thelial cells of the arteries and veins was common. 
Lesions at 4 days postinoculation 
The gross appearance of the lung at this period was a 
brownish-red. The neutrophilic component of the exudate was 
more numerous and mononuclear cells were in greater numbers. 
Hyperemia and hemorrhage were pronounced, however, interalveo-
lar edema was less extensive. Medial hypertrophy was recog­
nized in some of the smaller arteries. Interlobular edema 
with an increased number of neutrophils remained prominent. 
Figure 3o, Marked hyperemia and hemorrhage in the lung of a 
pig at 2 days postinoculation. Note the necrotic 
blood vessels. Hematoxylin and eosin stain, 
X 415, 
Figure 39. Edema of the Interlobular septa with dilation of 
the lymphatics at 2 days postinoculation. Exuda­
tive changes are evident in the alveoli. Hema­









Figure 40. Bronchiole of a pig at 2 days postinoculation con­
taining purulent exudate. Note the protrusion of 
the cytoplasm of the epithelial cells into the 
lumen. Hematoxylin and eosin stain. X 530. 
Figure 4l. Vasculitis at 2 days postinoculation. Inflamma­
tory and necrotic changes are evident in the adven-
titia and media of the blood vessel. Hematoxylin 
and eosin stain. X 625. 
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Lesions at 6 days postinoculation 
The pneumonic areas were brownish-yellow with some ele­
vated red areas interspersed. The neutrophilic portion of the 
alveolar exudate was more prominent but some foci of hemor­
rhage still persisted. Some of these areas had necrotic cen­
ters where venous thrombi were recognized. Focal thickening 
of alveolar walls by proliferating fibroblasts became evident. 
The epithelium of many of the bronchioles assumed a tall 
columnar character and the nuclei of these enlarged cells were 
elongated (Figures 42 and 43). The epithelial protrusions ob­
served in earlier stages had subsided. Necrotic cellular de­
bris in the bronchioles was more pronounced but was not as 
copious as previously noted. Initial adventitial fibroplasia 
was occurring around the bronchioles and blood vessels with 
minimal fibroplasia evident in the interlobular septa and the 
subpleural regions of some of the lobules. Hypertrophy and 
hyperplasia of the endothelium, with or without a vasculitis, 
occurred in many of the larger arteries (Figure 44). Smaller 
arteries appeared more prominent due to adventitial and me­
dial hyperplasia and in many arteries endothelial hypertrophy 
and nyperplasia completely obliterated tne lumen (Figure 45). 
Lesions at 8 days postinoculation 
Grossly the lungs were yellowish-grey with some reddisn-
brown areas intermingled (Figure 46). Tnere was less Hemor­
rhage and the cellular exudate appeared to be resolving in 
Figure 42. Bronchiole and blood vessels in the lung of a non-
infected control pig. Hematoxylin and eosin 
stain. X 210. 
Figure 43. Hypertrophy and hyperplasia of the epithelium of a 
bronchiole at 6 days postinoculation. Note the 
tall columnar epithelium. Hematoxylin and eosin 




Figure 44. Endothelial cell hypertrophy and hyperplasia in a 
blood vessel at 6 days postinoculation. Adventi­
tial proliferation is obvious. Hematoxylin and 
eosin stain. X 415. 
Figure 45. Adventitial and medial hyperplasia, and endothe­
lial hypertrophy and hyperplasia of small blood 
vessels at 6 days postinoculation. Hematoxylin 









certain areas. Lung parencnyma was being replaced witn con­
nective tissue resembling fibroblastic monolayers of cell cul­
tures (Figure 4/), Cavities lined witn cuboidal epitnelium 
were present witnin tnese sneets (Figure Interlobular 
(Figures 49 and 50), subpleural, and peribronchiolar fibro­
plasia was pronounced. Bronchiolar exudate was less abundant 
and more inspissated. Adventitial proliferation was so prom­
inent around some blood vessels that they assumed a laminated 
appearance (Figure 51). Degenerative changes in the blood 
vessels were rare at this period but endothelial hypertrophy 
and hyperplasia were marked (Figure 52). Fibrous tissue 
encapsulation of necrotic parenchyma was occurring (Figure 53). 
Lesions at 12 days postinoculation 
The affected portions of the lungs were very firm and 
yellowish-grey in color with some brownish-red foci. Marked 
fibrosis had occurred by this period. The sheets of fibrous 
tissue noted at 8 days were larger and more numerous at this 
period (Figure 54), Adventitial fibroplasia around blood 
vessels and bronchioles was very pronounced. Thickening of 
the alveolar walls was prominent. Hemorrhagic areas were mini­
mal and neutrophils and macrophages were numerous. Large 
foamy epithelial cells lined many of the alveoli near the in­
terlobular septa (Figure 55). Hypertrophy of the bronchial 
epithelium was less evident and the endothelial changes ob­
served previously in the blood vessels were less pronounced. 
Figure 47. Sheet of fibroblasts in the lung parenchyma at 8 
days postinoculation. Hematoxylin and eosin stain. 
X 165. 
Figure 48. Area of fibrosis with spaces lined by cuboidal epi­
thelium at 8 days postinoculation. Hematoxylin and 





Figure 49. Alveoli and interlobular septum in the lung of a 
noninfected control pig. Hematoxylin and eosin 
stain. X 210. 
Figure 50. Fibrosis of the interlobular septum at 8 days post-
inoculation. The alveolar walls are thickened and 
cellular exudate is evident. Hematoxylin and 
eosin stain. X 100. 
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Figure 51. Adventitial fibroplasia giving a laminated appear­
ance to a small blood vessel at 8 days postlnocula-
tlon. The vascular lumen is decreased by hyper­
trophy and hyperplasia of the endothelium. Hema­
toxylin and eosin stain. X 415. 
Figure 52. Vascular obliteration by marked hypertrophy and 
hyperplasia of the endothelium of a pulmonary blood 
vessel at 6 days postlnoculation. Hematoxylin and 
eosin stain. X 415. 
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Figure 53. Fibrous connective tissue sequestration of a ne­
crotic area of lung parenchyma at 8 days postlnocu-
lation. Hematoxylin and eosin stain, X 85. 
Figure $4. Marked fibrosis of the lung parenchyma at 12 days 
postinoculation. Cellular exudate is prominent in 
other areas. Hematoxylin and eosin stain. X 100. 

122 
Lesions at 4 and 3 weeks postinoculation 
The pigs in this group were not an original part of this 
trial but were included in order to complete the study of the 
pathogenesis of the pneumonia with the chronic stage of several 
weeks duration. These pigs were inoculated intranasally and 
are the pigs in Trials 1 and 3 which developed pneumonia. 
Grossly the affected lungs were yellowish-grey and very 
firm. Fibrosis was severe but hemorrhage and exudation were 
less prominent. Septal and subpleural fibrosis was extensive 
in some areas. Sheets of fibroblasts occupied large portions 
of some lobules. Adventitial fibroplasia of blood vessels and 
bronchioles was prominent. The alveolar walls were thickened 
due to fibroblastic proliferation and the alveoli in many of 
these areas were lined by cuboidal epithelial cells (Figure 
56). The vascular endothelium was more normal and there were 
no degenerative changes in the blood vessels. 
Summary 
The gross coloration of the pneumonic areas of the lung 
varied from dark red to brown to yellowish-brown to greyish-
yellow as the lesions became more chronic. The lesions also 
became more firm on palpation. 
Hemorrhage and edema characterized the early alveolar 
exudate with neutrophils and macrophages predominant in later 
stages. Necrosis of the lung parenchyma occurred in some 
areas. The bronchiolar exudate consisted primarily of 
Figure 55. Alveoli near the Interlobular septum lined with 
foamy cuboldal epithelial cells at 12 days postin­
oculation, Hematoxylin and eosln stain, X 400. 
Figure 56, Fibroblastic thickening of the alveolar walls and 
cuboldal epithelial lining of the alveoli at 5 
weeks postinoculation. Hematoxylin and eosln 
stain. X 260, 
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neutrophils. At 2 and 4 days postinoculation cytoplasmic buds 
from bronchiolar epithelial cells protruded into the lumen. 
This budding had regressed by 6 days postinoculation at which 
time the epithelium assumed a hypertrophic appearance. 
Vascular changes in the early group were characterized by 
mild neutrophil infiltration and necrosis of the media and 
adventitia. Endothelial hypertrophy and hyperplasia became 
very evident by 6 days postinoculation with these cells oc­
cluding the lumen of smaller vessels. These vascular changes 
had regressed in later stages. Edema of the interlobular sep­
ta was an early lesion. Adventitial fibroplasia was initiated 
at approximately 6 days postinoculation and was very prominent 
in subsequent stages giving blood vessels a laminated 
appearance. 
Another inception of fibroplasia was in the septal and 
subpleural regions. Sheets of fibrous tissue characterized 
the reaction at 8 days postinoculation. Some of the alveolar 
walls were thickened with fibroblasts and lined with cuboidal 
epithelium in the later stages. At subsequent intervals, 
fibroplasia became more pronounced and exudative changes less 
prominent. 
Trial 5 
The fine structure of the ciliated epithelial cells of 
the respiratory epithelium of the nasal cavity was examined 
at 1, 2, and 4 weeks after intranasal inoculation of B. 
12o 
bronchlseptlca. Light microscopic examinations of the semi­
lunar ganglion, brain stem, olfactory bulbs, or olfactory 
tracts were also made at these intervals. No significant le­
sions were noted in these latter structures. 
Normal ciliated epithelial cell 
The ciliated cell was elongated and its oval nucleus lo­
cated in the basal portion of the cell (Figure 57). Chromatin 
was distributed throughout the nucleus. The plasma membrane 
enveloped the cilia and filiform projections of the cell sur­
face and contacted adjacent cells at desmosomes and terminal 
bars. Ribosomes were scattered throughout the cytoplasm. 
Rough endoplasmic reticulum was scanty and in the form of 
short tubules. The Golgi apparatus was located between the nu­
cleus and cell surface. Mitochondria were varied in shape with 
a dense matrix and an extensive network of crlstae and were 
concentrated at the cell surface. Varied vesicles and granules 
were noted in the cytoplasm. Groups of tonofilaments, usually 
oriented toward the surface, and single filamentous struc­
tures approximately 15 mju in diameter were observed in the 
cytoplasm (Figure 58), 
Filiform projections and cilia extended from the luminal 
surface (Figure 58). The filiform projections, approximately 
6O-8O mf/ in diameter and 600-900 m in height, were often 
branched and their cytoplasm was similar to that of the rest 
of the cell. Cilia were spaced approximately 0.4 u apart and 
Figure 57. Normal ciliated epithelial cells of the swine nasal 
epithelium. Nuclei (N), Golgi (G), mitochondria 
(M), and cilia (C) are evident. Potassium perman­
ganate stain. X 10,500. 

Figure $8. Surface of a normal swine ciliated nasal epithelial 
cell. The normal arrangement of ciliary shafts 
(C), filiform projections (PP), basal bodies (BB), 
mitochondria (M), polyribosomes (R), tonofilaments 
(TF), and cytoplasmic filaments (CF) are present. 
Note the lateral fibrillar knobs (LK) on the basal 
bodies. Potassium permanganate stain. X 38,000. 
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were less numerous than the filiform projections. In longi­
tudinal section, the cilia were divided into 2 parts: shaft 
and basal body (Figure $8). The shaft extended above the cell 
surface and was covered with plasma membrane. In cross sec­
tion the characteristic 2 central and 9 double peripheral 
filaments were recognized (Figure 59). Cross sections near 
the tips were smaller in diameter and the double peripheral 
filaments had transformed into single filaments (Figure 59). 
In longitudinal section the central filaments were observed 
terminating near the cell surface while the peripheral fila­
ments continued into the basal body. 
The basal body was approximately 500 m^ in length and its 
greatest diameter approximately 150 my. It had a slightly 
bulbous appearance with a tapering apex from which filamentous 
rootlets extended into the cytoplasm, A short, filamentous 
knob-like structure converged into the cytoplasm from the 
lateral side of the basal body and was oriented in the same 
direction in all cilia (Figure 58). In cross sections of the 
basal body there were 9 triple peripheral filaments but no 
central filaments (Figure 59). 
Ciliated epithelial cell in infected pigs 
Bacteria were only observed at the cell surface among the 
cilia and were most numerous at 1 week postinoculation (Figure 
60). They were similar in morphology to bacteria from pure 
cultures of B, bronchlseptica (Figure 6l), and were believed 
Figure 59. Cross sections of basal bodies and ciliary shafts 
of a nasal ciliated epithelial cell of a nonin-
facted control pig. Triplet cross sections of 
peripheral filaments are present in the basal bod­
ies (BB), doublet cross sections in the ciliary 
shaft (CS) and single cross sections in the ciliary 
tips (CT). Potassium permanganate stain. X 64,000. 
Figure 60. (lower left) Bacteria (arrows) among the cilia at 
1 week postinoculation. There are fewer cilia at 
the surface of the nasal epithelial cell. Po­
tassium permanganate stain. X 29,500. 
Figure 61, (lower right) Sections of B. bronchiseptica. Their 
structure is identical with that of the bacteria in 
Figure 60. Note the central dense fibrillar nu­
cleoplasm (NP) and the peripheral granular zone 
(GZ). Uranyl acetate stain. X 35,000. 
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to be this organism. A central dense, fibrillar nucleoplasm 
was surrounded by a less dense zone and a peripheral dense 
granular zone. 
The ciliated cell was often reduced in its longitudinal 
diameter with the nucleus closer to the cell surface. The 
mitochondria were usually normal but, in some cells, portions 
of some mitochondria appeared vacuolar (Figure 62), The cy­
toplasm of some cells had a punched out appearance resulting 
from dilation of single membrane vesicles (Figure 62). Ly-
sosome-like structures were occasionally observed in the 
cytoplasm. 
The principal alteration was in the cilia of these cells. 
Some cells had fewer and wider spaced cilia. This reduction 
was most apparent at 2 weeks postinoculation with frequently 
only 1 or 2 cilia being observed in a section of a cell (Fig­
ures 62, 63, and 64). The filiform projections were normal 
in number and morphology. In some cells both longitudinal and 
transverse sections of basal bodies were observed varying 
distances below the cell surface (Figure 63). Most were 
oriented toward the cell surface but some were obliquely di­
rected (Figures 63 and 64). Occasionally filamentous struc­
tures resembling ciliary shafts were present in the deeper 
layers of the cell in the region of the mitochondria and Golgi 
apparatus (Figure 62). 
Abnormal cilia were occasionally observed (Figure 65) and 
were most numerous at 2 weeks postinoculation. The distal 
Figure 62. Nasal epithelial cell with a decreased number of 
cilia at 2 weeks postinoculation. A swollen cil­
iary shaft is present above the cell surface (ar­
row) , Numerous membrane bound vesicles (V) and 
occasional vacuolated portions of mitochondria (M) 
are noted. Portions of ciliary shafts (CS) and 
basal bodies (BB) are located varying distances be­
neath the surface of the cell. Potassium perman­
ganate stain. X 30,000. 

Figure 63. A ciliated epithelial cell with basal bodies (ar­
rows) below the luminal surface. Transverse and 
longitudinal sections of these basal bodies are 
observed. Potassium permanganate stain. X 47,000. 
Figure 64. Another ciliated epithelial cell with basal bodies 
(arrows) varying distances below the surface. Only 
1 ciliary shaft extends from the cell surface. 
Potassium permanganate stain. X 44,500. 

Figure 65. Two nasal ciliated epithelial cells at 2 weeks post-
inoculation with abnormal, swollen ciliary shafts. 
Filaments are disoriented in these ciliary shafts 
(arrows) and isolated basal bodies (BB) are noted 
below the surface of the cell. Potassium perman­
ganate stain. X 25,000. 
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ends of the shafts of these cilia were markedly enlarged. 
The enlargement varied in shape but was most often oval with 
average dimensions of approximately 1.5 x 2.2jn. The matrix 
of the swollen part was finely granular and of the same den­
sity as the cytoplasm of the cell. Both longitudinal and 
transverse sections of ciliary filaments were recognized in 
the swollen cilia (Figures 05, 66, 67, 68, and 69). The basal 
body and a variable length of the shaft appeared normal. The 
filaments retained their characteristic 9 and 2 circular ar­
rangement for a short distance into the swollen part before 
becoming disoriented (Figures 66 and 67). In some cilia longi­
tudinally sectioned filaments appeared coiled within the 
swollen part (Figures 68 and 69). Longitudinal sections of 
some of the filaments appeared as 3 parallel lines, others as 
2 parallel lines. These filaments in cross section resembled 
the doublet peripheral filaments of the normal shaft (Figures 
66 and 67). Single circular cross sections were rare. Most 
of the cross sections were grouped at the periphery of the 
part with some groups having more than 30 cross sections (Fig­
ure 67). The ciliated cells at 4 weeks were similar to those 
observed at 2 weeks postinoculation except that swollen cilia 
were observed less often, A reduced number of cilia and an 
abnormal location and orientation of basal bodies were also 
characteristic of this interval. 
Figure 66. Longitudinal and transverse sections of ciliary 
filaments in swollen nasal epithelial cilia at 2 
weeks postinoculation. Note the groups of doublet 
cross sections of ciliary filaments (arrows). 
Potassium permanganate stain. X 76,000. 
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Figure 07. Cross section of a swollen cilium at 2 weeks post-
inoculation with doublet cross sections of ciliary 
filaments, some arranged in semicircles (arrows), 
at the periphery. Normal cilia are also noted in 
cross section, Uranyl acetate stain. X 70,000. 
Figure 68, (lower left) Swollen cilium at 2 weeks postinocu­
lation. Note the colling of the ciliary filaments 
at the periphery of the swollen part. Potassium 
permanganate stain. X 60,000. 
Figure 69. (lower right) Enlarged cilium at 2 weeks postinocu­
lation with coiled peripheral filaments. Potassium 





Trials 1 and 2 were designed to compare the effect of in­
tranasal inoculation of B. bronchiseptica in 3-day-old and 4-
week-old pigs. Fifteen of lb pigs inoculated at 3 days of age 
and killed at or after 2 weeks postinoculation had some degree 
of turbinate atrophy. Exudate was never prominent and 
sneezing was minimal. The presence of exudate appeared to 
correspond with the occurrence of sneezing. Ten of 15 pigs 
inoculated intranasally at 4 weeks of age and killed at or af­
ter 2 weeks postinoculation had atrophy of the turbinates. 
The degree of atrophy observed in these pigs was not as great 
as that in pigs inoculated at 3 days of age. Microscopic le­
sions were also more marked in the pigs inoculated at the 
younger age. The production of turbinate atrophy with pure 
cultures of B. bronchiseptica substantiates the work of 
Swltzer (1950) and Cross and Claflin (1962) who also demon­
strated that the organism in pure cultures would produce 
atrophy. 
These findings also indicate that the baby pig is more 
susceptible to infection with B. bronchiseptica than the wean­
ling pig. Infection at this early age more readily results in 
atrophy. This is in agreement with the observations of Jones 
(1947), Phillips et al. (1948), and MacNabb (1948) who showed 
that atrophic turbinate material produced atrophy more readily 
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In baby pigs. Bjttrklund (1958) observed that pigs exposed at 
an early age developed more extensive lesions. Pigs exposed 
after weaning had a less severe clinical syndrome and lesions 
were less pronounced. 
There are 2 possible reasons for the correlation of age to 
susceptibility of the pig to turbinate atrophy produced by 
B. bronchiseptlca. The first is the presence of an acquired 
tissue resistance to the effects of bacterial multiplication 
on the epithelial surface. The second is the more rapid growth 
of the younger pigs that allows for a more rapid increase in 
size of the nasal cavity. This increase, accompanied by a 
suppression of normal growth of the turbinate by the bacterial 
rhinitis, results in the gross appearance of atrophy. The ap­
pearance of atrophy was most likely a hypoplastic response of 
the turbinates to a specific irritant which was accentuated by 
the normal growth of the nasal cavity. 
The severity of B. bronchlseptica induced rhinitis and 
turbinate atrophy varied with the isolate used. Of the iso­
lates tested, the 5 swine isolates and the cat isolate pro­
duced the most severe atrophy. The rat and rabbit isolates 
caused only minimal atrophy while no atrophy was produced by 
the dog isolate. The microscopic lesions produced by the or­
ganism were similar regardless of the isolate used. The se­
verity of the histologic lesions was directly proportional to 
the degree of gross atrophy. 
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The capacity of the atrophic turbinate to regenerate was 
demonstrated in Trial 1. Nine of 10 pigs killed at 5 weeks of 
age evidenced turbinate atrophy. Eleven littermates inocu­
lated at the same time were maintained on experiment until 5 
months of age. The ventral turbinates of all 11 of these pigs 
had attained a relatively normal size. Many, however, were 
distorted by longitudinal grooves in the medial surface. In 
cross sections of some turbinates extra processes projected 
from the scrolls. These projections had a central bony core 
which connected with the main bony core of the ventral tur­
binate. The anterior process of the ethmoid turbinate was of­
ten absent but the dorsal turbinate was usually normal. Bor-
detella bronchiseptica was isolated in small numbers from only 
2 of these older pigs at necropsy. 
Similar but less severe distortion of the ventral turbi­
nates was observed in 3 pigs in the 5 and 8 week postinocula-
tion groups of Trial 2. These pigs had slight to moderate 
turbinate atrophy and 2 of 3 were positive on culture of the 
nasal cavity for B. bronchiseptica. The turbinates of 2 other 
pigs in these groups appeared normal. The organisms present 
were in lesser numbers than at earlier postinoculation periods 
as determined by cultural and fluorescent antibody studies. 
A continued bacterial multiplication seems to be neces­
sary for the maintenance of turbinate atrophy. Once the cause 
is reduced or removed the turbinate is able to regenerate to a 
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nearly normal size. It was believed that the slightly 
atrophic, distorted turbinates noted in Trial 2 at 6 and 8 
weeks postinoculation were regenerating. It appeared that 
in many cases some permanent damage manifested by mor­
phological distortions and interruptions occurred in the 
osseous core. 
Fluorescent antibody, histologic, and cultural studies 
have shown that the organisms localize on the surface of the 
nasal and tracheal epithelium. No subepithelial invasion was 
demonstrable in sections stained by fluorescent antibody or 
bacterial stains. Electron microscopic observations also in­
dicated a similar location among the cilia. Although the 
trachea contained organisms through 5 weeks postinoculation in 
Trial 1, and 4 weeks postlnoculatlon in Trial 2, there was no 
significant Inflammatory response. This was in contrast to the 
tissue reaction in the nasal mucosa. 
An explanation for this difference is difficult. Mallory 
(1913) found large numbers of organisms among the cilia of the 
epithelial cells lining the trachea and bronchi in pertussis 
in man. Rhea (1915) observed B. bronchiseptlca among the 
cilia of the trachea in dogs ill or dead as a result of dis­
temper. The epithelial cells did not have demonstrable le­
sions. Smith (1913) described the presence of Bacillus per­
tussis among the cilia of the tracheal epithelium of guinea 
pigs after experimental infection. Rhea (1915) noted a simi­
lar lesion in rabbits with so-called snuffles. The presence 
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of the organism in this location appears to be a characteris­
tic of this genus. 
The coughing, occasionally observed in pigs infected with 
B. bronchiseptica but evidencing no pneumonia, could be caused 
by stimulation of the coughing reflex by organisms in this 
tracheal location. Colonization of B. bronchiseptica in the 
trachea may result in a carrier state and allow dissemination 
of the organism. 
The histopathologic alterations produced by localization 
of B. bronchiseptica on the nasal epithelium consisted of hy­
perplastic and metaplastic changes. At the tips of the scroll, 
hyperplasia of the epithelium occurred. This increase in cell 
numbers forced the epithelium into undulations. The epithelial 
cells which were normally columnar became polyhedral in shape. 
Deep crypts lined by ciliated cells consequently resulted. The 
tips of the undulations often fused leaving a ciliated cell-
lined cavity below the surface. Frequently these cavities con­
tained neutrophils and appeared as microabscesses. Many of 
the altered epithelial cells were devoid of cilia. Occasion­
ally swollen cilia were observed. 
The epithelium on the medial surface of the turbinate 
usually underwent metaplasia as well as hyperplasia. The epi­
thelial layer in this region was thick and the cells polyhe­
dral. There were many layers of nuclei giving the epithelium 
a stratified appearance. Undulations were not observed with 
this response. The cells were often devoid of cilia. The 
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lack of cilla could cause the nasal cavity and lower respira­
tory tract to be more accessible to invasion by other 
organisms. 
The nuclei of the surface cells were round and those of 
the deeper areas oval. In some areas the epithelium was stra­
tified squamous. This stratified epithelium often had numer­
ous mucous cysts within the epithelium as demonstrated with 
the periodic acid-Schiff reaction. It appeared that the rapid 
proliferation of cells resulted in a trapping of the mucous 
cells beneath the surface without a free surface from which to 
expel the mucin. This resulted in mucin being liberated in 
the intercellular space, accumulation of mucin within the gob­
let cell, and eventual replacement of the cell with a mucous 
cyst deep in the epithelium. The surface irritant also stim­
ulated the goblet cells to secrete excess mucin. 
The nasal epithelium, like most mucous membranes of the 
body, is capable of both hypertrophy and hyperplasia. The 
exact mechanism by which inflammation induced cells to in­
crease in size or divide more rapidly is unknown. Epithelial 
metaplasia resulting in the replacement of columnar cells 
with stratified squamous epithelium is a common change in the 
respiratory passages as a result of protracted mechanical 
trauma or the irritation of prolonged inflammation (Bobbins, 
1962). This appears to be a protective response of the body 
since a squamous epithelium is more resistant to injury than a 
columnar epithelium. These epithelial changes are not specific 
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for B. bronchiseptlca but are only responses to an inflamma­
tion of the nasal cavity. 
Bjttrklxind (1955) observed hyperplastic processes in epi­
thelial tissues in field cases of atrophic rhinitis. He also 
noted a transformation of the mucous membrane to a nonciliated 
epithelium with irregular polyhedral cells. In chronic cases 
the epithelium was stratified squamous. Similar epithelial 
changes were described for atrophic rhinitis of man (Eggston 
and Wolff, 19^7) and inclusion body rhinitis of pigs (Done, 
1955, and Duncan £t al., 19^4). Schofield and Jones (1950) 
stated that even in the final stages of atrophic rhinitis of 
pigs the epithelium remained elongated or cuboidal rather than 
stratified squamous. 
Inflammatory cells were in small numbers in the epithe­
lium and a minimal amount of mucopurulent exudate was present 
on the surface in early stages. Inflammatory cells were not 
in large numbers in the lamina propria. These findings sug­
gest that B. bronchiseptlca does not elicit a marked increase 
in capillary permeability in this area nor is it very chemo-
tactic for leukocytes. The localization of the organism on 
the surface without invasion into the tissues could probably 
account for the mild cellular response. 
BJiJrklund (1958) observed only a slight increase in 
lymphocytic elements in the lamina propria. Neutrophils were 
limited chiefly to intraepithelial abscesses. Schofield and 
Jones (1950) observed neutrophils in a similar location but 
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described diffuse and heavy infiltration of large lymphocytes 
in the lamina propria. The virus of inclusion body rhinitis 
causes a marked lymphocytic tissue response in clinical cases 
(Done, 1955, and Duncan et al., 1964). Moderate numbers of 
lymphocytes and plasma cells and fewer neutrophils are ob­
served in atrophic rhinitis of man (Eggston and Wolff, 1947). 
The major response in the lamina propria was fibroplasia. 
It was initiated at the tips of the scrolls and eventually 
occurred in all areas. Large amounts of collagen, demon­
strated by Gomorl's trichrome stain, accompanied the fibro­
plasia. This proliferation of fibrous connective tissue com­
pressed the smaller blood vessels. The decrease in the vas­
cular bed accounts for the pallor of the mucous membrane ob­
served grossly. The stimulus of the fibroblastic prolifera­
tion probably originated from the bacteria on the epithelial 
surface. Degenerative or destructive processes which could 
have initiated a fibroblastic response were not observed in 
the lamina propria. 
Bjtirklund (1958) observed an increase in connective tis­
sue elements in the deeper layers of the lamina propria which 
,r/r/"were particularly distinct perlvascularly. Schofield and Jones 
(1950) also noted an increase in fibrous tissue elements in 
the stroma in the later stages of the disease which were appar­
ent around arterioles and veins. The fibrosis in these trials 
was diffuse and there was no evidence of a predilection for 
perivascular areas. 
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During the progression of the disease the osseous core was 
reduced in size and often completely resorted. Changes were 
most pronounced in the scrolls, particularly the ventral 
scroll. Osteoblasts proliferated around the disappearing bony 
spicules and accumulations of undifferentiated cells filled 
the area between the periosteum and bony trabeculae. After 
the bone was resorbed, it was replaced by these undifferen­
tiated cells. Osteoclasts were not seen in greater numbers 
than in normal turbinates. It appeared that the resorption 
was too rapid to be accounted for only by normal reconstruction 
of bone. Since osteoclasts were not numerous, either the 
osteoblasts or the undifferentiated cells were responsible for 
the increased resorption. 
Wilton (1937) stated that bone can be resorbed during the 
process of dedifferentiation of osteoblasts and that after 
dedifferentiation the osteoblasts are capable of prolifera­
tion, Bassett (l9o2) cited autoradiographic studies which 
showed that osteoblasts developed from mesenchymal cells, 
which in turn can develop from osteoblasts. The pleuropoten-
tiality of mesenchymal cells to develop into osteoblasts, 
chondroblasts, or fibroblasts in response to various environ­
mental factors was discussed by the author. Whether these 
undifferentiated cells are in the process of differentiation 
or dedifferentiation can not be ascertained in a study of 
this type. Whichever theory is proposed will of necessity 
have to account for the resorption of bone. The decrease in 
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the bony core can not be explained entirely on a failure of 
osteogenesis accompanied by the normal physiological turnover 
of bone in the rapidly growing animal. 
Schofield and Jones (1950) observed a similar response 
in naturally-occurring cases of atrophic rhinitis. They be­
lieved that the cellular proliferation was a heroic but un­
successful attempt to rebuild the destroyed bone. These au­
thors observed degenerative changes in the bone which were 
not observed in this study. Jubb and Kennedy (l9o3) also 
believed that the osteoblasts were proliferating in an attempt 
to form bone but failed to differentiate completely. 
BjOrklund (1953) in his studies of field cases of atrophic 
rhinitis observed similar increases in undifferentiated cells 
with an accompanying dissolution of bony trabeculae. He felt 
that the osteoporotic changes were the result of a metabolic 
disturbance in the osteogenic cells which in turn interfered 
with the formation and internal reconstruction of bone. There 
is a possibility that the undifferentiated cells themselves 
can resorb bone. Inflammatory changes of bone with fibro­
plasia are often accompanied by osteoporotic changes. 
Regardless of the cell type responsible for the resorp­
tion of bone, there were increases in the numbers of undiffer­
entiated cells. The stimulus for this proliferation or dedif-
ferentiation is not known. The presence of infection with B. 
bronchiseptica is most likely the overlying cause, but the 
mechanism by which the organism elicits the change is unknown. 
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It has been demonstrated that the organism did not Invade the 
turbinate tissue and Inflammatory cells were not observed in 
the osseous core or adjacent to the periosteum. Therefore, 
it does not appear that a bacteria induced inflammatory reac­
tion was the cause. 
Fibroplasia in the lamina propria compressed much of the 
vascular bed but the larger arterioles were still patent and 
the blood vessels in the medullary portion of the bone ap­
peared normal. Bone responds to restricted blood supply by 
consolidation, increased density, and osteosclerosis rather 
than rarefaction and osteoporosis as was the case in these 
swine turbinates (Luck, 1950). Therefore tissue hypoxia does 
not appear to be the cause. 
The changes in the peripheral nervous system observed by 
Brion and Fontaine (1958) and Labie £t al. (1962) were not ob­
served. Therefore, it is concluded that the atrophy was not 
the result of an interference with the nervous innervation of 
the turbinate. 
The organism must elaborate or be responsible for the 
elaboration of some substance which diffuses into the tissue 
and elicits the change in the bony core without causing a 
markid inflainmatory reaction. Bordetella bronchiseptica forms 
endotoxins (MacLennan, 196O) and extracts of the organism will 
kill guinea pigs (Evans and Maitland, 1939). These or s.-milar 
substances could initiate this change. 
The reduction in size of the bony core accounted for the 
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major part of the atrophy. The size and shape of this osseous 
core determines the morphology of the turbinate. Any sub­
stance which halts osteogenesis could cause atrophy because 
of the resorption that takes place during the normal reor­
ganization of the bone of the osseous core. While reduced os­
teogenesis may play a role in atrophy produced by B. bronchi-
septica it is not the only factor. Therefore, some stimulus 
must be inducing more active resorption of the osseous core. 
Bordetella Pneumonia 
Pneumonia was readily produced in 5-day-old box-reared 
pigs by means of intratracheal inoculations of pure cultures 
of B. bronchiseptica. The occurrence of pneumonia in pigs 
inoculated intranasally with the organism was less frequent 
with its presence being dependent upon the age of the pig at 
inoculation, method of rearing, and the strain of organism. 
Pneumonia was produced in 12 of 32 pigs inoculated intranasally 
at 3 days of age with various isolates of B. bronchiseptica 
and box-reared on milk substitutes after receiving colostrum 
milk from the sow (Trial 3). The cat, rabbit and S-2, S-3, 
and S-5 swine isolates caused pneumonia but the rat, dog, and 
S-4 swine isolates did not. 
In pigs raised on the sow, pneumonia was produced by in­
tranasal inoculations at 3 days of age in only 2 of 20 animals 
(Trial 1), These 2 pigs were not farrowed by the sow which 
raised them but were adopted pigs. Pneumonia was not observed 
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in pigs inoculated intranasally at 4 weeks of age (Trial 2). 
Bordetella bronchiseptica was isolated from the lungs of some 
pigs in Trials 1 and 2 in which no gross or microscopic le­
sions of pneumonia were evident. 
Bordetella bronchiseptica was not isolated from the 
spleen, liver, or kidney at any of the sampling periods in 
Trial 5. Either the bacteria were confined to the respiratory 
tract or once they entered the criculation they were immedi­
ately removed and destroyed. 
It appears from these observations that B, bronchiseptica 
pneumonia is difficult to produce by natural means in healthy, 
nonstressed pigs, but the stress of box-rearing or changing of 
sows makes the young pig more susceptible to infection with 
this organism. Dunne e^ al. (19Ô1) suggested that all baby-
pig pneumonias are not of viral origin and that other stress 
factors can predispose the animal to primary infection with 
bacteria. 
The most striking lesions in the lung were vascular al­
terations and fibrosis. The histologic picture of hemorrhage, 
edema, vascular degeneration and necrosis, endothelial hyper­
trophy and hyperplasia, and medial and adventitial hyperplasia 
suggested that the initial site of attack was the vasculature. 
This type of reaction indicated that some diffusible product 
was produced by the bacteria which had a marked effect on the 
blood vessels. As has been stated previously, extracts of B, 
bronchiseptica will kill guinea pigs, (Evans and Maitland, 
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1939) and endotoxins of the organism will kill mice, white 
rats, guinea pigs, and rabbits (MacLennan, i960). 
The fibrosis which followed the appearance of vascular 
changes was not limited to the most severely involved lung 
parenchyma. This reaction was not believed to be primarily 
reparative although it was seen sequestrating necrotic areas. 
The presence of sheets of fibrous tissue in the alveolar 
parenchyma and peribronchiolar, perivascular, and interlobular 
regions suggested that the same severe irritant causing the 
vascular changes could be the stimulus for the fibroplasia. 
However, in the nasal mucosa the vascular changes were not 
marked, but fibroplasia was a prominent response. 
The epithelialization of the alveoli found in the later 
stages was not specific for this disease but represented a 
response to any severe irritant (Geever £t al., 1943, and 
Omar, 1964). There is not complete agreement as to the origin 
of this cuboidal epithelium. It is derived either from al­
veolar cell hypertrophy or hyperplasia (Anderson and Foraker, 
i960) or from downward extentlon of proliferating bronchiolar 
epithelium (Moran, 1955). Omar (19b4) stated that pulmonary 
fibrosis, whatever the cause, was a potent cause of epithelial 
proliferation. 
These pulmonary lesions were similar to those described 
in field cases of B. bronchlseptica pneumonia by L'Ecuyer 
et al. (1961) and Dunne et al. (l9ol). The perivascular 
hemorrhage described by Dunne et al. (Igul) was not recognized. 
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The lesions observed In the lungs of pigs killed at 12 days 
postinoculation were comparable to those noted by L'Ecuyer 
et al. (1961) in 2 pigs experimentally infected with B, bron-
chiseptica and killed at 11 days postinoculation. 
The nistologic picture resulting from infection with B. 
bronchiseptica is very characteristic and is not duplicated 
by any of the known agents causing pneumonia in swine. 
Goodwin and Whittlestone (I962, 19o3, 19^4) in Great Britain 
frequently isolated B. bronchiseptica from cases of so-called 
Type XI pneumonia of swine. Pure cultures of the organism 
produced a similar pneumonia and also a rhinitis in young 
pigs. The authors were reluctant to specify B. bronchiseptica 
as the cause of the disease but preferred to incriminate a 
more obscure infectious agent, possibly the virus of inclusion 
body rhinitis. The lesions in Trial 4 were similar to those 
described by these authors and it would appear that B. bron­
chiseptica is the primary cause of Type XI pneumonia. 
A marked peribronchial, peribronchiolar, and perivascular 
lymphoid hyperplasia is characteristic for virus pig pneumonia 
(Fulton ejt al., 1953; Pattlson, 195b; Carter and Schroder, 
1956; and Urman et ai., 1953). Variable degrees of intersti­
tial pneumonia and atelectasis may occur. The alveolar exu­
date is composed of histiocytes, lymphocytes, plasma cells 
and some neutrophils. Swine influenza in the early stages is 
characterized by a bronchopneumonia with neutrophil infiltra­
tion and bronchiolitis with necrosis of the bronchiolar 
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epithelium followed Toy regeneration (Shope, 1931, and Urman 
et al., 1958). Perivascular and peribronchiolar lymphoid 
accumulations also occur. These two viral diseases have many 
lesions in common but none are similar to those characteristic 
of Bordetella pneumonia. Lymphoid hyperplasia and bronchioli­
tis do not occur in Bordetella infection while the charac­
teristic vascular changes and fibrosis are not described for 
virus pig pneumonia and swine influenza, 
Mackenzie (1959) described 4 main types of pulmonary 
reaction attributed to lungworm infection at different stages. 
These consisted of eosinophil infiltration, mononuclear and 
giant cell reaction, coalescing eosinophil nodules, and peri­
bronchial lymphoid hyperplasia. These changes do not occur 
with B. bronchlseptica infection. 
Porcine contagious pleuropneumonia caused by Hemophilus 
pleuropneumoniae is characterized by a marked dilation of the 
lymph sinuses of the pleura and interlobular septa with fibrin 
and lymphocytes (Shope, 1964). Only a few neutrophils are 
present in the alveoli but lymphocytes are numerous. In 
chronic cases there may be healing by fibrosis with sequestra­
tion of necrotic areas which may resemble Bordetella pneumonia. 
The marked predilection for the pleura and interlobular septa 
and the absence of vascular changes in the blood vessels in 
porcine pleuropneumonia should serve to differentiate between 
these two bacterial diseases. 
Pasteurella multocida and Mycoplasma hyorhinis may 
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secondarily Invade the lung and modify the histologic picture 
of the primary pneumonia. Roberts £t al. (1962) and Schofield 
(I95Ô) reported that P. multocida enhanced the neutrophilic 
reaction in the lungs of pigs with virus pneumonia. Myco­
plasma hjorhinis does not cause a primary pneumonia in swine 
but will produce a fibrinous pleurltis with lymphocytic in­
filtration of the pleura (Switzer, 195^; Carter and Schroder, 
1956; and Roberts et al., 1962). These secondary invaders 
do not alter the microscopic changes of the pre-existing 
pneumonia to the extent where they may be confused with 
Bordetella pneumonia. 
Fine Structure of the 
Ciliated Nasal Epithelial Cell 
The normal ciliated epithelial cell of the swine nasal 
epithelium was similar to the ciliated epithelial cell of the 
rat trachea (Rhodin and Dalhamn, 1956, and Dalhamn, 1956), the 
rat nasal epithelium (Brettschneider, 1958)^ and the human 
trachea (Rhodin, 19^3). The ciliary shaft had the same uniform 
pattern characteristic of cilia and flagella of most species 
(Pawcett, 1961), 
The exact structure of the tip of the cilium could not 
be ascertained from this study because the tips of the cilia 
were not extensively sectioned. Limited observations did, 
however, indicate that the peripheral filaments were trans­
formed into single filaments in the tips of the cilium where 
the diameter of the shaft decreased. This transformation was 
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observed by Gibbons and Griinstone (i960) in flagella of cer­
tain flagellates and by Roth and Shigendaka (1964) in rumen 
protozoa. 
The basal body resembled those described in ciliated 
epithelium of other mammals (Fawcett and Porter, 1954; Rhodin 
and Dalhamn, 1956; Brettschneider, 195S; Fawcett, 196I; and 
Rhodin, 1963). The granule recognized in the basal body by 
some authors (Rhodin and Dalhamn, 1956, and Brettschnelder, 
1958) was not found. Fawcett (1961) stated that the lumen of 
the basal bodies of mammals was usually empty. The lateral 
fibrillar knobs of the basal bodies were similar to those ob­
served in tracheal cilia of rats (Rhodin and Dalhamn, 1956) 
and man (Rhodin, 1963). 
The alterations in the ciliated cell of infected pigs 
Involved primarily the cilia and associated structures. Path­
ologic changes in other parts of the cell were not marked. 
The decrease in longitudinal diameter of the ciliated cell was 
probably the result of contraction of the tonofilaments which 
were observed in the cytoplasm (Rhodin, 1963). The dilation 
of the membrane-bound vesicles which could have been endo­
plasmic reticulum and vacuolar swelling of portions of occa­
sional mitochondria are common responses of these organelles 
to various irritants (Cameron, 1964). The location of bac­
teria, believed to be B. bronchiseptlca, among the cilia and 
not below the cell surface was in accordance with fluorescent 
antibody findings. 
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The loss of cilia was the primary lesion but the exact 
mechanism by which they were lost was not determined. The 
ciliary shaft could have broken off at its base and been dis­
carded into the lumen leaving the basal body. Occasionally 
basal bodies were observed in normal positions without shafts 
but usually both the shaft and basal body were absent. 
Another possibility is that the entire cilium was re-
sorbed by the cell. Basal bodies were recognized varying dis­
tances below the cell surface and occasionally structures re­
sembling ciliary shafts were noted in this area. These basal 
bodies were usually oriented toward the surface but many were 
obliquely directed. They could represent either resorbed ba­
sal bodies from which the ciliary shaft had been detached or 
regenerating basal bodies migrating toward the cell surface. 
The origin of basal bodies is not clear, although some au­
thors have suggested that they originate from centrioles 
(Leeson, 196I, and Sorokin, 1962). The large cell population 
which was randomly affected and the wide spacing of sampling 
intervals made it difficult to Interpret the sequence of these 
changes. 
In some cells there were enlarged ciliary shafts which 
contained ciliary filaments coiled in a matrix similar to the 
cell cytoplasm. The filaments usually appeared as the double 
peripheral type filament in both transverse and longitudinal 
sections. 
These enlargements could have resulted from degeneration 
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of the cilia with the matrix of the enlarged shaft being de­
rived from disrupted ciliary filaments. However, the ciliary 
filaments appeared normal except the single circular cross 
sections characteristic of the ciliary tip were rare. The most 
likely explanation, however, is that the ciliary enlargements 
were the result of attempts at cilia formation which went un­
controlled under the influence of the Irritant, It is sug­
gested that the ciliary filaments were continuously added to 
and lengthened, but for some reason the enveloping plasma 
membrane did not permit the normal formation of the shaft. 
The elongating filaments were forced to coil within the 
limiting plasma membrane. The predominant location of fila­
ments at the periphery of the swelling and the presence of 
groups of more than 9 doublet cross sections in this area in­
dicates that the filaments were increasing in length in the 
confines of the oval swelling and wrapping back upon them­
selves, The rarity of single circular cross sections could 
be explained by the slight chance of obtaining such a section. 
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SWlMARY 
The pathogenesis of rhinitis and pneumonia in pigs in­
fected intranasally and intratracheally with pure cultures of 
B. bronchiseptica was studied. Turbinate atrophy could be 
more readily produced in baby pigs than older pigs. 
Thirty 3-day-old pigs raised on sows were inoculated 
intranasally with pure cultures of B. bronchiseptica and 
killed at 1, 2, 3 and 5 weeks and 3 months postinoculation. 
Gross bilateral turbinate atrophy resulted in 15 of lb pigs 
from 2 to 5 weeks postinoculation. All 11 pigs examined at 
5 months postinoculation had regained normal sized ventral 
turbinates, most of which were distorted and had extra pro­
cesses. Pneumonia was evident in only 2 of the 30 pigs. 
The progression of the microscopic lesions of the tur­
binates was followed. The epithelium at the tips of the 
scrolls became hyperplastic and was forced into undulations. 
The tips of these undulations often fused leaving cilia-lined 
cavities below the surface. The epithelium on the medial side 
of the turbinate was hyperplastic and assumed a stratified 
appearance. Epithelial microabscesses frequently occurred. 
Cilia were often absent in the stratified epithelium. Occa­
sionally swollen ciliary shafts were noted. Specific fluores­
cence of B, bronchiseptica was observed on the epithelial sur­
face but not in the underlying tissues. 
Fibroplasia in the lamina propria resulted in compression 
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of glands and blood vessels. Osteoblastic activity Increased 
around bony trabeculae which were later rcsorbcd. Mesenchymal 
cells proliferated in the osseous core and eventually the core 
was converted to a thin strip of fibrous tissue. This re­
sorption was particularly evident in the tips of the scrolls. 
Although specific fluorescence of B. bronchiseptica was 
noted on the surface of the trachea, microscopic lesions were 
not observed. 
Ventral turbinates from pigs killed at 5 months postinoc­
ulation had regenerated and regained a normal histologic ap­
pearance except for focal accumulations of mononuclear cells 
and occasional fibrous tissue interruptions in the osseous 
core. 
Twenty-four 4-week-old weaned pigs were inoculated intra-
nasally with pure cultures of B, bronchiseptica and killed at 
1, 2, 3, 4, 6f and 8 weeks postinoculation. Some degree of 
turbinate atrophy occurred in 10 of 15 pigs after 2 weeks 
postinoculation. In general gross atrophy was not observed to 
be as severe as that produced in 3-day-old pigs. Microscopic 
lesions were similar to those noted in the pigs Inoculated at 
3 days of age. Pneumonia was not observed. 
Different isolates of B, bronchiseptica were compared in 
their ability to cause turbinate atrophy and pneumonia. Eight 
groups of 4 pigs each were inoculated Intranasally with 1 of 8 
different isolates. Pour of 4 swine isolates and the cat iso­
late produced moderate turbinate atrophy. The rabbit and rat 
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isolates produced only slight atrophy while the dog isolate 
did not cause atrophy. Microscopic lesions in the ventral 
turbinates were similar and their severity related to the de­
gree of gross atrophy. Three of 4 swine isolates and the cat 
and rabbit isolates caused pneumonia in at least 1 of 4 pigs. 
Fifteen 5-day-old box-reared pigs were inoculated intra-
tracheally with broth cultures of B. bronchiseptica and 3 
pigs killed at 2, 4, 6, 8, and 12 days postinoculation. All 
pigs developed a characteristic pneumonia. 
The most significant histologic lesions in the lungs in­
volved the vasculature. Marked alveolar hemorrhage was an 
early change. A vasculitis also characterized the early 
stages and was followed by endothelial hypertrophy and hyper­
plasia and by adventitial fibrosis. Fibroplasia was another 
characteristic lesion. It was initiated around the bron­
chioles and blood vessels and in the interlobular septum at 6 
days postinoculation and became more severe in later stages. 
Often sheets of fibroblastic connective tissue containing cav­
ities lined with cuboidal epithelium had replaced the lung 
parenchyma. In later stages epithelialization of the alveoli 
took place. 
The nasal ciliated epithelial cell was studied by elec­
tron microscopy at 1, 2, and 4 weeks after intranasal inocula­
tion of B. bronchiseptica into 3-day-old box-reared pigs. 
The ciliated cell had a fine structure similar to that 
described for other mammals. Bacteria resembling B. 
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bronchlseptlca were observed among the cilia. The principal 
changes were in the cilia which were reduced in numbers and 
spaced further apart. Basal bodies and ciliary shafts were 
observed abnormal distances beneath the cell surface and were 
believed to have been resorbed by the cell. Occasionally 
markedly enlarged portions of ciliary shafts were observed. 
Ciliary filaments coiled within the enlargement and in cross 
section appeared as the doublet peripheral filament of the nor­
mal cilium. These altered cilia were believed to be abnormally 
formed cilia whose peripheral filaments were lengthening in an 
uncontrolled manner. 
These studies demonstrate conclusively that B. bronchl­
septlca will cause a typical pneumonia and an atrophic rhinitis 
in swine which closely resembles the field disease. 
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